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(57) Abstract 

This invention is a process and apparatus (144) for the control of heliox (102, 104) ventilation. Desired ranges for P">°^"*""" 
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PROCESS AND APPARATUS FOR CONTROLLING ^HELIUM/OXYGEN 



Field Of The Invention 

This invention relates to methods and process 
control systems for introducing gaseous mixtures 
containing a blend of helium and oxygen into the 
pulmonary system of patients. 



Background Of The Invention 

Over the past 30 years, the ability to treat 
respiratory problems in adults and infants has signif- 
icantly improved. As newer developments enter the field, 

15 a greater number of smaller and more immature infants 
are able to be treated for respiratory problems. 

Notwithstanding its increased use, the overall 
success of treating respiratory insufficiency is limited 
by the inherent problems of conventional ventilator 

20 support systems. For example, over 20% of those who 
require prolonged mechanical ventilation often develop 
chronic respiratory problems such as airway injury and 
dysfunction as seen in bronchopulmonary dysplasia (hence- 
forth "BPD") . ^ 

25 Although some controversy exists concerning 

the pathogenesis of BPD in the neonate, many believe that 
prolonged mechanical ventilation is one of the major 
factors resulting therein. Serial assessment of 
pulmonary function during the first year of life in 

30 infants surviving hyaline membrane disease and developing 
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BPD have concluded that the duration and pressures of 
mechanical ventilation damaged the airways and lungs; 
thus, interfering with their growth. Within this 
context, greater assisted ventilatory requirements (e^g^., 
5 pressure and duratiorif of the very premature infant 
relative to the older infant precipitate an age-related 
predisposition for pulmonary damage and BPD. In 
addition, those patients who acquire BPD continue to have 
respiratory support problems which are similar to patents 
10 with a chronic obstructive pulmonary disease (henceforth 
"COPD") . Such diseases often require the implementation 
of supplemental oxygen. Moreover, due to lung dysfunc- 
tion, there is also a great expenditure of energy 
associated therewith r e. a., elevated resistance, poor 
15 diffusion of gas, etc.). 

It is known in the industry that gas exchange 
and cardiovascular stability may be maintained in 
patients with lung disease by ventilating them with a 
mixture of helium and oxygen (henceforth "heliox") . When 
20 being ventilated with a heliox mixture, a patient's 
airway and pulmonary resistances are decreased. This 
results in a decrease in the work of breathing and/or 
a reduction in the pressure effort required for breath- 
ing. In addition, such mechanical effects on the lungs, 
25 coupled with improved gas diffusion, can be of benefit 
to patients with many different types of lung disease. 

Despite the extensive collection of physio- 
logical data with experimentally developed components 
known in the art, to the Applicants' knowledge no one 
30 has ever reported a heliox-based ventilation system which 
includes, among other things, a complex interactive 
control process facilitated by a servo-control unit in 
order to maintain gas exchange, optimize lung function, 
minimize ventilation pressures, and maintain cardio- 
35 vascular stability and temperature. 
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As would be expected, due to frequent changes 
in the physiological needs of patients during conven- 
tional heliox ventilation procedures, patients who are 
subjected to such procedures are monitored to determine 
5 whether there is a need to make adjustments. However, 
since it is labor and cost intensive to continuously 
monitor such patients, their status is typically moni- 
tored only periodically. 

Since the need for making adjustments often 

10 occurs between the periodic status checks, these patients 
are frequently subjected to less than optimal ventilation 
conditions for varying periods of time. Depending upon 
the setting (s) which need(s) to be adjusted, and upon 
the time period over which the patient is subjected to 

15 the less than optimal ventilation condition (s) , the 
resulting consequences can be catastrophic and even 
fatal. Although medical practitioners appreciate the 
ways in which heliox ventilation procedures can aid them 
in the treatment of patients, they are, never-the-less, 

2 0 hesitant of subjecting patients thereto since there is 
little known as to how such procedures can be safely 
implemented and optimized. For example, practitioners 
are aware that, if not properly implemented , a patient 
being ventilated with a heliox blend of gases can 

25 experience any of the following conditions within only 
a few breathing cycles: overdistention of the lungs, 
air way collapse, incomplete diffusion of gases to and 
from the patient, and the like. Moreover, if these 
conditions are permitted to continue for a few minutes, 

30 the patient can experiencd^brain damage, suffocation, 
stroke, blindness and even death. 

Notwithstanding the possible complications 
which can result when subjecting patients to heliox 
ventilation procedures, medical practitioners are still 

35 attempting to implement these procedures in more and more 
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clinical applications due to the significant advantages 
associated therewith. Accordingly, there is presently 
an immediate need for a means for safely implementing 
and optimizing heliox ventilation procedures, 
5 To date, amiast all of today's sophisticated 

technology and the tens of thousands of highly" skilled 
professionals in the medical industry and profession, 
no such means exists. Rather, the possibility of 
complications materializing during a conventional heliox 
10 ventilation procedure rests largely upon the personal 
skill and knowledge of the specific practitioner imple- 
menting the procedure and the physiological strength and 
stability of the patient. 

15 Definitions 

The terms "pulmonary pathways" and "pulmonary 
system" are used herein interchangeably and refer to 
areas which are normally occupied by a breathing medium 
during normal breathing cycles. Such areas include, 

20 without limitation, pulmonary channels, spaces or volumes 
in the trachea, left and right bronchi, bronchioles, and 
alveoli of the lungs. 

The term "heliox" as used herein refers to a 
gaseous blend containing gaseous oxygen and gaseous 

25 helium. 

The term "breathing medium" as used herein 
refers to a gaseous medium which circulates through the 
pulmonary pathways of a patient's lungs during a 
breathing cycle and delivers oxygen to the patient and 

3 0 is instrumental in the expulsion of carbon dioxide from 
the patient. 

The term "forced ventilated patients" as used 
herein refers to those patients who are ventilated by 
a ventilation process which mechanically controls the 

35 patient's inspiratory and expiratory breathing cycles. 
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The term "sp ntaneous br athing ventilated 
patients" as used herein refers to those patients who 
are ventilated by a ventilation process which provides 
a breathing medium to a patient who is breathing without 
5 any mechanical assistance. 

Summary of the Invention 

One object of this invention is to provide a 
novel method for safely implementing and optimizing 
10 heliox ventilation procedures. 

Another object of this invention is to provide 
a self-monitored and self-adjusting heliox ventilation 
system. 

Yet another object of this invention is to 

15 employ the novel method of safely implementing and 
optimizing heliox ventilation procedures as a means for 
introducing biological agents, tracer gases, and/or any 
combination thereof into a patient via the patient's^ 
pulmonary pathways. 

20 Even another embodiment of this invention is 

to provide a novel means for guiding, monitoring and 
regulating a patient's internal and/or external body 
temperature during heliox ventilation procedures. 

A further object of this invention is to 

25 provide a novel means for performing mechanically- 
assisted ventilation and/or optimized oxygen delivery 
to a patient under lower inspiratory pressure conditions. 

Yet a further object of this invention is to 
provide a more effective means for employing sup- 

30 plemental, optimized oxygen therapy at lower respiratory 
levels to spontaneously breathing patients. 

These and other objects of the present 
invention are provided by the advent of novel methods 
for introducing h liox into the pulmonary system of a 

35 patient. 
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In accordance with one embodiment of this 
invention, a novel process is provided for guiding, 
monitoring and regulating a ventilation procedure wherein 
a heliox mixture is passed through at least a portion 
5 of a patient's pulmonary pathways. In this embodiment, 
desired ranges for certain process parameters associated 
with the particular ventilation system are established. 
Initial settings for the ventilation system are then set 
such that the actual conditions during the ventilation 

10 procedure fall within the established ranges (Le^, the 
patient's "ventilatory profile" is set). Thereafter, 
the ventilation procedure is commenced. 

During the ventilation procedure, actual 
conditions are monitored. These monitored conditions 

15 relate to the aforementioned established ranges. 

After monitoring the actually-occurring 
conditions, the novel process determines whether the 
initial settings need to be adjusted. If such a need 
exists, the adjustments can be performed either by an 

20 operator after receiving appropriate signals generated 
by this novel process and/or by a servo-control network 
linked thereto. 

In accordance with another embodiment of this 
invention, a process is provided for delivering bio- 

25 logical agents ( e.g. , medicaments, tracer gases, etc.) 
into a patient through the patient's pulmonary pathways. 
In this embodiment, biological agents are mixed with, 
and/or sprayed into, the heliox mixture. This agent- 
containing mixture is then employed as the breathing 

3 0 medium in a heliox ventilation procedure which is guided, 
monitored and regulated by the novel process disclosed 
herein. 

In accordance with yet another embodiment of 
this invention, a process is provided for controlling 
35 a patient's internal and/or external body temperatures. 
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In this embodiment, a patient's body temperature is 
controlled by regulating the temperature of the heliox 
mixture in either of the aforementioned embodiments. 

Other objects, embodiments, aspects and 
5 features of this invention will be readily understood 
by one skilled in the art after reading this specifi- 
cation. 

Brief Description of the Drawings 

10 A more complete appreciation of the invention 

disclosed herein will be obtained as the same becomes 
better understood by reference to the following detailed 
description when considered in conjunction with the 
accompanying figures briefly described below. 

15 

FIGURE 1A is a pressure vs . time wave form of 
airway pressure and alveolar pressure during a heliox 
ventilation procedure. 

FIGURE XB is a flow vs. time wave form of * 
20 pressure during a heliox ventilation procedure. 

FIGURE 1C is a volume vs. time wave form 
showing the volume of gas in the lung at the end of the 
expiratory cycle and the tidal lung volume during a 
heliox ventilation procedure. 
25 FIGURE 2 is a volume vs. pressure loop 

illustrating ideal volume and pressure conditions during 
a heliox ventilation procedure. 

FIGURE 3 is a flow vs. volume loop illustrating 
ideal flow and volume conditions during a heliox ven- 
30 tilation procedure. 

FIGURE 4 is a volume vs. pressure loop 
illustrating overdistention pressure. 

FIGURE 5 is a flow vs. volume loop illustrating 
airway collapse. 
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FIGURE 6 is a volume vs, pressure loop 
illustrating excessive pressure on expiration to overcome 
high resistive loads. 

FIGURE 7 is a volume vs. pressure loop 
5 illustrating a leak i^ the heliox ventilation system. 

FIGURE 8 is a general schematic* of one 
embodiment of the invention illustrating the interaction 
between the gas mechanics control system, the gas 
concentration control system and the temper ature- 
10 humidification control system with the patient being 
heliox ventilated. 

FIGURE 9 is a schematic of one embodiment of 
a gas mechanics control system which can be used when 
practicing this invention. 
15 FIGURE 10 is a schematic of one embodiment of 

a gas concentration control system which can be used when 
practicing this invention. 

FIGURE 11 is a schematic of one embodiment of 
a temper a ture-humidif ication control system which can 
20 be used when practicing this invention. 

FIGURES 12A-12C are a flow chart illustrating 
a preferred sequence of steps for carrying out the method 
of the present invention as executed by a programmable 
signal processor. 
25 FIGURES 13A-13D are schematics illustrating 

examples of heliox delivery configurations in accordance 
with the embodiments of the present invention. 



30 



Detailed Description Of The Invention 

The present invention provides novel means for 
introducing gaseous heliox mixtures into a patient's 
pulmonary pathways. More particularly, the invention 
provides novel methods and process control systems for 
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. ventilating patients with breathing mediums comprising 

heliox. , 

This invention pertains to an open- or closed 

ioop system which includes complex interactive control 
y processes facilitated by a servo-control network. The 
system functions to maintain gas exchange, optxmxze lung 
function, minimize ventilation pressures and maxntaxn 
cardiovascular stability and temperatures Thxs 
invention can be used for forced ventilated patxents or 
0 spontaneous breathing ventilated patients. 

As shown in Figures 1A-C, changes in pressure, 
flow and volume, during a heliox ventilation procedure, 
f ollow uniform, periodic wave forms. Specif ic w- - 
for pressure, flow and volume are requxred 
5 ventilation procedures in order to maximize effective 
ga s exchange, minimize cardiovascular xnteractxon and 
minimize the risk of barotrauma. 

Through the utilization of approprxate 
transducers, A/D converters and/or on-line processing 
!0 devices, it is now possible to display on-lin^ua 
feedback of a heliox ventilation process, as well as 
serV o-controlled feedback information. Specxf xcally , 
"Is information can be displayed as simultaneous 
pressure, flow and volume tracings as a functxo, l oftxm 
25 see, Figures 1A-C) , volume tracings as a functxon of 
ntelsure (see, Figure 2), and flow tracings as the 
pressure (se_, y FiaU re 3) . By mathematically 

function of volume (see, Fxgure 3) uy 
manipulating this information through the use of appro 
"iate algorithms, it impossible to establish dxagnostxc 
30 Information on the patent as well as to -™ ^ 
„ost effective ventilation schema (1^. 

Pr0file " ) " This displayed information can be used to 
assess the mechanical properties of the lungs (_^. 
35 compliance, resistance, « k of oreathino. pressure 
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requirements, etc.) as well as to verify the pulmonary 
system's ventilatory parameters (e^cu, tidal volume, 
minute ventilation, respiratory rate and phase, etc.). 
Specifically, with respect to lung mechanics, the 
5 measurement of lung compliance during heliox ventilation 
is unique in the diagnostic assessment of lung tissue 
properties independent of surface properties. On-line 
visual display of pressure, flow and volume relationships 
enables the operator to visually verify initial ventila- 

10 tory patterns and establish base line conditions. An 
example of this is illustrated in Figures 2 and 3. 

For example, in Figure 3, pressure and volume 
loops are controlled such that peak airway pressures, 
alveolar pressures and volumes are limited during 

15 inspiration and expiration. In this instance, airway 
pressures can be automatically regulated by feedback 
control of by-pass valves or through the control of 
driving pressures. 

Alveolar pressure is determined either 

20 mathematically by on-line analysis of pressure, flow and 
volume or experimentally by flow interpretation. The 
determined alveolar pressure is then preferably regulated 
and limited by a microprocessor-linked control and/or 
by manual adjustments in gas flow, respiratory rate 

25 and/or breathing phase. In addition, lung volume is 
regulated by on-line differential adjustments in 
inspiratory and expiratory flow ( see , for example, Figure 
3) . 

By employing a visual feedback such as that 
30 illustrated in Figures 2 and 3, it is possible to make 
diagnostic decisions concerning ventilation. Specifi- 
cally, it is possible to detect conditions such as over- 
distent ion of the lung, airway collapse during expira- 
tion, excessive inspiratory or expiratory flow or breath- 
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requirements, etc.) as well as to verify the pulmonary 
system's ventilatory parameters ( e.g. . tidal volume, 
minute ventilation, respiratory rate and phase, etc.)* 
Specifically, with respect to lung mechanics, the 
5 measurement of lung compliance during heliox ventilation 
is unique in the diagnostic assessment of lung tissue 
properties independent of surface properties. On-line 
visual display of pressure, flow and volume relationships 
enables the operator to visually verify initial ventila- 

10 tory patterns and establish base line conditions. An 
example of this is illustrated in Figures 2 and 3, 

For example, in Figure 3, pressure and volume 
loops are controlled such that peak airway pressures, 
alveolar pressures and volumes are limited during 

15 inspiration and expiration. In this instance, airway 
pressures can be automatically regulated by feedback 
control of by-pass valves or through the control of 
driving pressures. 

Alveolar pressure is determined either 

20 mathematically by on-line analysis of pressure, flow and 
volume or experimentally by flow interpretation. The 
determined alveolar pressure is then preferably regulated 
and limited by a microprocessor-linked control and/ or 
by manual adjustments in gas flow, respiratory rate 

25 and/or breathing phase. In addition, lung volume is 
regulated by on-line differential adjustments in 
inspiratory and expiratory flow ( see , for example, Figure 
3) . 

By employing a visual feedback such as that 
30 illustrated in Figures 2 arid 3, it is possible to make 
diagnostic decisions concerning ventilation. Specifi- 
cally, it is possible to detect conditions such as over- 
distent ion of the lung, airway collapse during expira- 
tion, excessive inspiratory or expiratory flow or breath- 
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One embodiment of this invention pertains to 
novel methods for guiding, monitoring and regulating 
process parameters of heliox ventilation systems. For 
purposes of better understanding this embodiment of the 
5 invention, these process parameters are being grouped 
into one of the following control systems: ta) a gas 
mechanics control system ("GMCS") , (b) a gas concentra- 
tion control system ("GCCS") , and (c) a temperature- 
humidification control system ("THCS") . 
10 Figure 8 is a basic schematic of this 

invention's GMCS, GCCS and THCS, and how these control 
systems interact with one another and the patient. De- 
tailed embodiments of specific GMCS, GCCS and THCS sche- 
matics are illustrated in Figures 9-11, respectively. 

15 

In general, the GMCS is designed to regulate 
the cycling of a heliox-containing breathing medium 
through at least a portion of a patient's pulmonary path- 
ways during a heliox ventilation procedure. This control 

20 system utilizes information gained from an on-line 
assessment of the breathing medium's mechanics during 
ventilation such as its pressures, flow rates and 
volumes. It also utilizes information gained from an 
assessment of the various gas concentration (e.g. , 

25 respiratory, tracer, etc.) contained in samples of the 
inspired and expired breathing medium during the heliox 
ventilation procedure. 

In the operation of the GMCS, an initial 
ventilatory profile is determined and set by a medical 

30 professional. Thereafter, during ventilation in 
accordance with this ventilatory profile, on-line 
sampling of inspired and expired breathing medium and 
pulse oximeter readings are utilized to guide, monitor 
and regulate the ventilatory parameters. 
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In addition, the operation of the GMCS offers 
the opportunity for medical professionals to make on-line 
interactive control decisions. These decisions are based 
upon sensor feedback information and patient information, 
5 including arterial blood gas levels, cardiovascular 
functioning and pressure-volume tracings as a 'function 
of time. 

If a signal processor is used as a means for 
operating the GMCS, the processor can be programmed to 

10 process inputted data and maintain the most effective 
oxygen and carbon dioxide levels in the patient at the 
lowest possible pressure. Therefore, the patient will 
receive the heliox-containing breathing medium with the 
minimum oxygen percentage in order to maintain blood 

15 oxygen saturation levels preferably in the range from 
about 90 to about 100%. 

The GCCS, on the other hand, is designed to 
guide, monitor and regulate parameters such as the 
partial pressures, tensions and concentrations of various 

20 gases in a gascontaining breathing medium and in the 
patient during a heliox procedure. This control system 
utilizes information gained from an on-line assessment 
of inspiratory, expiratory and/or tracer gas levels from 
at least the following locations: (a) the sources of 

25 the various gases before they are blended together to 
form the heliox-containing breathing medium; (b) samples 
of the breathing medium prior to inspiration and after 
expiration; and, (c) blood samples taken from the 
patient's circulatory sy^em during the ventilation 

30 procedure. 

Moreover, the GCCS can also be designed to 
evaluate various physiological parameters which can, in 
turn, be used to maintain the patient's physiological 
stability. For example, by using inert tracer gases 
35 simultaneously with the heliox-containing breathing 
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medium, it is possible to determine physiological 
parameters such as: oxygen consumption, carbon dioxide 
production, respiratory quotient, , cardiac output, 
effective pulmonary blood flow, diffusional dead space, 
5 anatomic dead space, rhtrapulmonary and extrapulmonary 
shunts, diffusion capacity, lung tissue water, and the 
like. 

Finally, the THCS is designed to guide, monitor 
and regulate the patient's internal and/ or external body 

10 temperatures during a heliox ventilation procedure, as 
well as to guide, monitor and regulate the temperature 
and humidity of the breathing medium prior to inspiration 
and/or after expiration. This control system utilizes 
information gained from temperature and/or humidif ication 

15 sensing means in the appropriate inspiratory and 
expiratory gas lines, as well as from sensing means in 
and/or on appropriate body parts, organs and/or regions 
of the patient. 

For example, the THCS can be designed to 

20 guide, monitor and regulate a patient's internal body 
temperature by regulating the temperature of the inspired 
heliox-containing breathing medium. On the other hand, 
the THCS can be designed to guide, monitor and regulate 
a patient's external body temperature by adjusting the 

25 surface temperature of the patient's body via con- 
ventional temperature adjusting means (e.g. , convection 
blankets, etc.) 

Maintaining internal and external body 
temperatures within established ranges is extremely 

30 important during a heliox ventilation procedure. For 
example, if temperatures are not carefully maintained 
within a few degrees of a. body's thermal neutral zone, 
the patient may suffer physiological consequences such 
as thermal shock, cardiac arrest, cerebral hemorrhage, 

35 pulmonary hemorrhage, metabolic complications due to 
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impaired gas exchange, cardiopulmonary instability and 
even death. 

The novel control process of this invention 
is adaptable to most multi-gaseous ventilation systems. 
5 The preferred ventilation system depends, in part, upon 
the specific needs of the patient and the resources 
available to the medical practitioner. Once these 
variables have been identified, a skilled artisan will 
be able to select the most appropriate system for 

10 treating the patient. 

Each of the aforementioned process control 
systems ( i.e. , the GMCS, GCCS and THCS) has associated 
therewith a number of parameters which are designed to 
be guided, monitored and regulated prior to, during 

15 and/or after the heliox-ventilation procedure. The 
specific set of parameters which are controlled during 
the ventilation procedure depends, in part, upon the 
patient's needs and the specific ventilation system 
employed. 

20 In accordance with this invention, prior to 

initiating the heliox-ventilation procedure, the 
patient's initial ventilatory profile is established. 
Here, desired ranges for certain process parameters are 
determined depending upon the specific needs of the 

25 patient. In most instances, when establishing a 
patient's initial ventilatory profile, desired ranges 
for the following parameters are determined: (a) the 
heliox-containing breathing medium's pressure, flow rate, 
tidal lung liquid volume, and resting lung liquid volume; 

30 (b) the concentration of^various gases in specific 
volumes of the gas sources used to make the heliox- 
containing breathing medium, in specific volumes of the 
breathing medium prior to inspiration and after expira- 
tion, and in the patient's circulatory system during the 

35 h liox ventilation procedure; and, (c) the patient's 
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internal and external body temperatures during the heliox 
ventilation procedure, as well as the temperature and 
humidity levels of the inspired breathing medium. 

Some of the ranges which are established for 
5 parameters associated^with GMCS are minimum and maximum 
values for the following: (a) the heliox-containing 
breathing medium's pressure for when it is passing 
through the patient's pulmonary pathways; <b) the breath- 
ing medium's tidal lung volume for when it is passing 

10 through the patient's pulmonary pathways; (c) the breath- 
ing medium's resting lung volume during the ventilation 
procedure; (d) the breathing medium's flow rate for when 
it is passing through the patient's pulmonary pathways; 
(e) the amount of oxygen to be absorbed from a specific 

15 volume of the breathing medium inspired by the patient; 
and (f ) the amount of carbon dioxide in a specific volume 
of the breathing liquid expired by the patient. 

The aforementioned list of ranges established 
for GMCS-related parameters is not inclusive. Specif i- 

20 cally, another range which can be established for the 
GMCS is the minimum and maximum values for the amount 
of tracer gases ( e.q, , hydrogen, nitrogen oxide, argon, 
etc.), if used, to be absorbed from a specific volume 
a heliox-containing breathing medium inspired by the 

25 patient. 

For simplicity reasons, the operation of the 
GMCS can be broken down into three sublevels of control. 
The first sublevel of control is designed to, among other 
things, guide gas pressures, flow rates and volumes 
30 before the heliox-containing breathing medium is 
inspired, while the patient is being ventilated with the 
heliox-containing breathing medium, and after the 
breathing medium is expired. Although any suitable means 
can be employed to achieve this objective, it is pre- 
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sently preferred to employ a series of variable flow, 
volume, and/or pressure means. 

The second sublevel of control for the GMCS 
is designed to, among other things, monitor actual 
5 pressures, flow rates and volumes before the heliox- 
containing breathing medium is inspired, while the 
patient is being ventilated with the breathing medium, 
and after the breathing medium is expired. Although any 
suitable means can be employed to achieve this objective, 

10 it is presently preferred to employ a series of flow, 
volume and/or pressure sensors. 

The third sublevel of control for the GMCS is 
designed to evaluate the information monitored from the 
GMCS's second sublevel of control. This third sublevel 

15 of control can also be designed to determine whether any 
adjustments need to be made to the ventilation system. 
Although any suitable means can be employed to achieve 
this objective, it is presently preferred to employ a 
signal processor such as a central processing unit which 

20 is programmable to accept the initial settings, receive 
the monitored values in the form of signals, make any 
necessary comparisons and computations based upon the 
initial setting and the monitored values, and generate 
signals of its own which indicate which, if any, 

25 parameters need to be adjusted and by what amount. 

One example of a method in which a GMCS can 
be designed to perform each of the aforementioned 
sublevels of control in accordance with the present 
invention is illustrated Figure 9. 

30 Regarding the GCCS, some of the ranges which 

are established for parameters associated therewith are 
minimum and maximum values for the following: (a) the 
concentration of oxygen in a specific volume of the 
oxygen source used to make the heliox-containing 

35 breathing medium; <b) the concentration of helium in a 
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specific volume of the helium source used to make the 
heliox-containing breathing medium; (c) the concentration 
of oxygen in a specific volume of the heliox-containing 
breathing medium prior to its inspiration by the patient; 
5 (d) the concentration ot helium in a specific volume of 
the breathing medium prior to its inspiration by the 
patient; <e) the concentration of oxygen in a specific 
volume of the breathing medium after being expired by 
the patient; (f) the concentration of helium in a 

10 specific volume of the breathing medium after being 
expired by the patient; (g) the concentration of carbon 
dioxide in a specific volume of the breathing medium 
after being expired by the patient; and, (h) the 
concentration of oxygen in the patient's circulatory 

15 system during the heliox ventilation procedure. 

Since helium is relatively expensive, and since 
helium is not significantly metabolized by the patient 
during ventilation, in most heliox ventilation proce- 
dures, the helium contained in the breathing medium 

20 expired by the patient can be recycled. Under these 
circumstances, prior to its reuse, the expired breathing 
medium is scrubbed, filtered and sterilized to remove 
undesired expiratory gases (e.g. * carbon dioxide) and 
other impurities contained therein. Therefore, if the 

25 helium contained in the expired breathing medium is to 
be recycled, another range which must be established for 
a GCCS-related parameter is minimum and maximum values 
for the concentration of carbon dioxide in a specific 
volume of a heliox-containing breathing medium, prior 

30 to its re-inspiration by the patient. 

The aforementioned list of ranges established 
for GCCS-related parameters is not inclusive. Specifi- 
cally, another range which can be established for the 
GCCS is the minimum and maximum values for the concentra- 

35 tion of trac r and/or other respiratory-related gases 
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( e.g. * argon, nitrogen oxide, etc.)# if used, in a 
specific volume of the breathing medium prior to it being 
inspired and/or after it being expired by the patient, 

5 Any suitable means can be employed to guide, 

monitor and regulate the concentration of gases within 
the gas circuit and within the patient. One of the 
presently-preferred configurations employs a series of 
gas sensors, pumps and/or valves. 

10 For simplicity reasons, the operation of the 

GCCS can be broken down into three sublevels of control. 
The first sublevel of control for the GCCS is designed 
to guide, monitor and regulate the concentration of 
various respiratory and tracer gases within the gas 

15 circuit prior to mixing the gases together to form the 
heliox-containing breathing medium. For example, in this 
GCCS sublevel of control, the system is designed to 
guide, monitor and regulate the concentration of oxygen 
in the oxygen source and the concentration of helium in 

20 the helium source. 

The second sublevel of control for the GCCS 
is designed to guide, monitor and regulate the concentra- 
tion of various gases within the heliox-containing 
breathing medium. For example, in this GCCS sublevel 

25 of control, the system is designed to guide, monitor and 
regulate the concentration of oxygen and helium in the 
heliox-containing breathing medium. This determination 
is made before the breathing medium is inspired by the 
pat inent i 

30 * >e o?The third sublevel of control for the GCCS is 
designed to guide, monitor and regulate the concentration 
of Various gases within the patient during the heliox 
ventilation procedure. For example, in this GCCS 
sublevel of control, the system is designed to guide, 

35 monitor and regulate the concentration of oxygen in the 
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patient's circulatory system during the heliox ventila- 
tion procedure. 

This third sublevel of control for the GCCS 
is critically important. For example, even if the other 
5 GCCS sublevels of control are operating within their 
desired parameters, if the patient is not receiving a 
sufficient amount of oxygen, some adjustments must be 
made . 

There are many ways of controlling the level 

10 of oxygenation within a patient in accordance with the 
present invention. For example, with regard to the 
GCCS's first sublevel of control, adjustments can be made 
which are designed to alter the concentration of oxygen 
within the oxygen source. Moreover, with regard to the 

15 GCCS's second sublevel of control, adjustments can be 
made which are designed to alter the concentration of 
oxygen in the breathing medium prior to its inspiration 
by the patient . Either of these procedures , when 
performed individually or collectively, can alter the 

20 patient's oxygenation level. 

In addition to the above, the level of oxygena- 
tion within a patient can be adjusted in accordance with 
the present invention by making certain alterations to 
the GMCS's parameters. Specifically, by altering the 

25 flow rate of the breathing medium through the patient's 
pulmonary system and/or by altering the resting lung 
volume or the tidal lung volume, the patient's level of 
oxygenation can also be altered. 

The specific parameter (s) of the various 

30 control system(s) which need (s) to beHadjusted will be 
determined, at least in part, by the specific volume vs. 
pressure loop and the specific flow vs^voluma: loop ( see, 
e.g. , Figures 2 and 3) associated with* ttte .patient's 
ventilatory profile during actual ventilation*. In other 

35 words , after the control system (&) ->~'of dfche present 

i : )• • a- 

1' A" < 
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invention indicate (s) that at least one of the parameters 
is outside of its desired range, the aforementioned loops 
are evaluated to determine which parameter (s) need(s) 
to be adjusted in order to rectify the problem and by 
5 what amount. 

One example of a method in which a GCCS can 
be designed to perform each of the aforementioned 
sublevels of control in accordance with the present 
invention is illustrated in Figure 10. 

10 Regarding the THCS, some of the ranges which 

are established for parameters associated therewith are 
minimum and maximum values for the following: (a) the 
temperature of the heliox-containing breathing medium 
prior to its inspiration by the patient; (b) the humidity 

15 of the heliox-containing breathing medium prior to its 
inspiration by the patient; (c) the patient's internal 
body temperature during the heliox ventilation procedure; 
and (d) the patient's external body temperature during 
the ventilation procedure. 

20 The aforementioned list of ranges established 

for THCS-related parameters is not inclusive. Specifi- 
cally, other ranges which can be established for the THCS 
include, without limitation, the minimum and maximum 
values for the temperature and/or humidity of the gases 

25 making up the heliox-containing breathing medium prior 
to the gases being mixed together; the temperature and/or 
humidity of the breathing medium as it is passing through 
the patient's pulmonary pathways; and, the temperature 
and/or humidity of the expired breathing medium. 

3 0 Any suitable means known to those skilled in 

the art can be employed to guide, monitor and regulate 
patient's internal and external body temperatures, as 
well as the temperature and humidity levels of the gases. 
On presently-preferred configuration employs a series 

35 of thermal sensors, humidif ication s nsors, 
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heating/cooling sources, humidif ication sources, pumps 
and blending valves. 

In one embodiment, temperature regulation of 
the body, or a region thereof , can be accomplished by 
5 internal and external ^eans. For example, a patient's 
internal body temperature can be manipulated by a heat- 
ing/cooling means which is designed to regulate the 
temperature of the inspired breathing medium. On the 
other hand, a patient's external body temperature can 

10 be manipulated by a heating/ cooling means which is 
designed to regulate the temperature of the patient's 
body surface. 

One example of a method in which a THCS can 
be designed to perform in accordance with the present 

15 invention is illustrated in Figure 11. 

When establ ishing the des ired parameters 
associated with the GMCS, GCCS and THCS in accordance 
with the present invention, it is necessary to take at 
least the following into consideration: the specific 

20 ventilation system employed, the patient's specific phys- 
iological conditions, and the purpose for which the 
patient is being ventilated. Once the patient has been 
identified and the appropriate considerations have been 
made, a skilled artisan can readily establish the desired 

25 parameter ranges. 

The optimum desired ranges of the GMCS's and 
THCS's parameters vary greatly among patients. However, 
the degree of variance is not as great when dealing with 
the optimum desired ranges of the GCCS's parameters for 

3 0 adult humans. 

For example, for most adult human patients 
without lung disease, the desired oxygen concentration 
in the inspired heliox-containing breathing medium 
generally ranges from between about 150 to about 2 00 

35 mmHg. On the other hand, for most adult human patients 
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with lung disease, the desired oxygen concentration in 
the inspired heliox-containing breathing medium generally 
ranges from between about 300 to about 7 00 mmHg. 

Moreover, for most adult human patients, the 
5 desired oxygenation levels in the patient's circulatory 
system are as follows: an oxygen tension generally 
ranging from between about 80 to about 100 mmHg, and an 
arterial oxygen saturation point generally greater than 
about 85%. 

10 After the desired ranges of parameters 

associated with the GMCS, the GCCS and the THCS are 
established in accordance with the present invention, 
settings for patient's initial ventilatory profile are 
set. These initial settings are adjusted accordingly 

15 so that the actual conditions which will be monitored 
or calculated during the heliox ventilation procedure 
fall within the established desired ranges. 

The adjustment of these initial settings 
depends, in part, upon the specific ventilation system 

20 employed and the specific needs of the patient. However, 
regardless of these specifics, the following initial 
settings must be made: (a) the starting lung volume, 
(b) the heliox-containing breathing medium's initial 
pressure, (c) the initial tidal lung volume, (d) the 

25 heliox-containing breathing medium's initial flow rate, 
(e) the initial concentration of oxygen in a specific 
volume of the heliox-containing breathing medium prior 
to its inspiration by the patient, (f) the initial 
concentration of helium in a specific volume of the 

3 0 heliox-containing breathirt^medium prior to its inspira- 
tion by te patient, (g) the resting lung volume, (h) the 
peak inspiratory and expiratory air way pressures, (i) 
the peak alveolar and esophageal pressures, (j) the 
breathing frequency, <k) the timing ratio of inspiratory- 

35 to-expiratory gas flow, (1) the patient's core body 
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temperature, (m) the temperature of the heliox-containing 
breathing medium prior to it being inspired by the pa- 
tient, <n) the humidity level of the heliox-containing 
breathing medium prior to it being inspired by the 
5 patient, and (o) the concentration of carbon dioxide in 
a specific volume of the breathing medium after it is 
expired by the patient. 

The aforementioned list of initial settings 
is not inclusive. Specifically, as stated earlier, 

10 helium contained in the expired breathing medium is often 
recycled. Therefore, in such instances, the expired, 
helium-containing breathing medium is scrubbed clean from 
all unnecessary gases ( e.g. , carbon dioxide) . Accord- 
ingly, under these circumstances, another initial setting 

15 which is made is the concentration of carbon dioxide in 
a specific volume of the heliox-containing breathing 
medium, which was made in part with recycled helium, 
prior to the breathing medium being inspired by the 
patient. 

20 The optimum initial ventilatory profile differs 

among patients. However, for many adult humans, the 
typical initial settings are adjusted to fall within the 
following ranges: (a) a starting lung volume ranging 
from between about 20 to about 30 ml/kg, (b) the heliox- 

25 containing breathing medium's initial pressure ranging 
from between about 0 to about 50 cmH 2 0, (c) the tidal 
volume ranging from between about 6 to about 15 ml/kg, 
(d) the heliox-containing breathing medium's initial flow 
rate ranging from between about -1 to about 1 L/sec/kg, 

30 <e) the initial concentration of oxygen in a specific 
volume of heliox-containing breathing medium ranging from 
between about 150 to about 600 mmHg, (f) the initial 
concentration of helium in a specific volume of heliox- 
containing breathing medium ranging from between about 

35 20 to about 80%, (g) the patient's resting lung volume 
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ranging from between about 20 to about 4 0 ml/kg, (h) the 
peak inspiratory and expiratory airway pressures ranging 
from between about 0 to about 100 cmH 2 0, (i) the peak 
alveolar and esophageal pressures ranging from between 
5 about 5 to about 3 0 cmH 2 0, and from between about -2 0 to 
about 30 cmH 2 0, respectively, (j) the breathing frequency 
ranging from between about 12 to about 60 breaths per 
minute (conventional) , and from about 120 to about 900 
breaths per minute (high frequency) , <k) the timing ratio 

10 of inspiratory-to-expiratory gas ranging from between 
about 3:1 to about 1:3, (1) the patient's core body 
temperature ranging from between about 25 to about 39°C, 
and (m) the heliox-containing breathing medium's 
temperature , prior to inspiration, ranging from between 

15 about 20 to about 42 °C, (n) the humidity level of the 
heliox-containing breathing medium prior to it being 
inspired by the patient ranging from between about 42 
to about 100%, and (o) the concentration of carbon 
dioxide in a specific volume of the mixed expired 

2 0 breathing medium being generally less than about 40 mmHg. 

Once the initial settings of the GMCS's, the 
GCCS's and the THCS's parameters are set, this informa- 
tion is preferably fed into a signal processor. 
Thereafter, the heliox ventilation procedure is com- 

25 menced. 

As stated earlier, in accordance with this 
invention, while the patient is being heliox ventilated , 
certain actual conditions are monitored* The monitored 
conditions relate to the aforementioned established 
30 desired ranges and the patient's initial ventilatory 
profile. 

Any suitable method can be employed to monitor 
the patient's and the control systems' physiological 
parameters during the heliox ventilation procedure being 
35 practiced in accordance with the present inv ntion. 
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Examples of some of the more preferred monitoring methods 
include, without limitation the implementation of 
sensors, transducers, A/D converters, on-line processing 
units and/or the like. 
5 After the actual heliox ventilation conditions 

have been monitored and/or calculated, they are evaluated 
by being compared to their respective desired ranges as 
established prior to the commencement of the heliox 
ventilation procedure. This comparison provides informa- 

10 tion which is necessary to maintain the patient's optimum 
ventilatory profile. 

For example, if the gas - patient loop is 
considered a closed system, then the amount of oxygen 
added to the heliox-containing breathing medium equals 

15 the amount consumed by the patient less the amount of 
oxygen present in the expired breathing medium. 
Therefore, by monitoring the oxygen concentration levels 
present in the closed system and by regulating the amount 
of oxygen added thereto, the oxygen consumption by the 

2 0 patient can be evaluated and controlled. 

Moreover, the expired breathing medium is 
sampled in order to monitor the concentrations of various 
gasses ( e.g. . oxygen, carbon dioxide, helium, etc.) 
therein. In addition, the oxygen concentration in the 
25 patient's blood is also monitored. With this informa- 
tion, the optimum respiratory rate and tidal lung volume 
needed for maximizing carbon dioxide elimination from, 
and oxygen delivery to the patient at the lowest possible 
airway pressures, can be determined. 

3 0 In accordance with this invention, the 

monitored conditions can be evaluated by any suitable 
means known to those skilled in the art. As stated 
above, one of the preferred methods for making such 
evaluations employs the use of an on-line signal 
35 processor. For example, the established desired ranges, 
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the initial ventilatory profile and the actual monitored 
conditions can be fed into a processor. The proc- essor 
then makes the necessary comparisons and/or computations. 

If the evaluation indicates that the monitored 
5 parameters are not being maintained within their desired 
ranges, the processor can be programmed to generate it 
own signal which can be designed to sound an alarm and/or 
activate a servo-controlled valving network. This 
generated signal will be based, at least in part, on the 

10 patient's optimum volume vs. pressure loop and/or the 
patient's optimum flow vs. volume loop. 

The processor can be used to control the 
breathing medium's pressure and volume loops such that 
peak airway pressures, alveolar pressures and volumes 

15 will be minimized during inspiration and expiration, 
while maintaining sufficient levels of oxygen and carbon 
dioxide gas exchange to and from the patient. Under such 
conditions, a processor-linked servo-control network can 
be used to automatically regulate airway pressures by 

2 0 feedback control of by-pass valves and/or by control of 

driving pressures. The processor can also be used to 
determine alveolar pressure by an on-line analysis of 
pressure, flow and volume data as supplied thereto by 
appropriately positioned sensors. 
25 The processor can also be used to guide, 

monitor and regulate the oxygen concentration levels 
within the patient. In this embodiment, the processor 
continuously monitors the oxygen concentration levels 
within the gas circuit and within the patient. If the 

3 0 level of oxygen within the patient is outside of the de- 

sired range, the processor can generate a signal which 
is designed to make the necessary adjustments. 

For example, the oxygen concentration can be 
adjusted by a processor-linked servo-control network 
35 which regulates the oxygen concentration in the oxygen 
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source used in making the heliox-containing breathing 
medium. This would change the oxygen concentration in 
a specific volume of inspired breathing medium. 

The processor can also be designed to generate 
5 signals which activate "alarms and/or produce messages 
which instruct an operator to make the necessary 
adjustments. Although this latter method is not as 
automated as the others, it may still be the most 
preferred technique depending upon the specific needs 

10 of the patient. 

Moreover, the processor can be designed to 
generate signals which adjust oxygen concentration levels 
by regulating the GMCS. Specifically, adjusting the rate 
at which the heliox-containing breathing medium passes 

15 through the patient's pulmonary pathways will affect the 
amount of oxygen absorbed by the patient during vent- 
ilation. 

Therefore, a processor can be designed to 
generate signals which adjust both the oxygen concen- 

2 0 tration level within the inspired, heliox-containing 

breathing medium and the rate at which the breathing 
medium flows through the pulmonary pathways of a patients 
lungs. Since the processor can be designed to instan- 
taneously determine the optimum ventilatory profile for 
25 the specific patient, the amount of time that a patient 
is subjected to the less than optimal conditions is 
substantially decreased. 

As with the aforementioned control systems, 
it is presently preferred to employ a processor to guide, 

3 0 monitor and/or regulate the patient's internal and/or 

external body temperature during the heliox ventilation 
procedure and the temperature and humidif ication levels 
of the heliox-containing breathing medium prior to it 
being inspired by the patient. In this embodiment, the 
35 desired temperature and humidif ication levels can b 
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maintained by a signal processor which is programmed to 
regulate the temperature and humidity of the heliox- 
containing breathing medium, and/or to regulate the 
temperature of the patient's extremities, trunk and head. 

5 

As stated earlier, thermal and humidif ication 
sensors are preferably used for this purpose. The 
positioning of sensors depends, in part, on the condi- 
tions being monitored. 

10 Although the optimum positioning of such 

sensors depends upon the specifics surrounding the 
particular patient and heliox ventilation system being 
employed, in many instances, one internal body tempera- 
ture sensor is typically placed adjacent to the lung. 

15 Moreover, external sensors are typically placed in or 
on the following locations: (a) in the esophagus and 
rectum in order to monitor the core temperature of the 
patient's trunk, (b) adjacent to the tympanic membrane 
in order to monitor core temperatures of the patient's 

20 head, (c) on each of the extremities in order to monitor 
the patient's surface peripheral body temperature , (d) 
in the heating and/or cooling sources in order to monitor 
their respective temperatures, (e) in the inspired gas 
flow circuit to monitor the temperature and/or humidif i- 

25 cation levels of the heliox-containing breathing medium 
prior to it being inspired, and (f) in the condenser 
circuit for the expired gas flow to monitor the tempera- 
ture and/or humidif ication levels of the breathing medium 
after it is expired. 

3 0 In accordance wllh this invention, heating 

and/or cooling means are used to directly or indirectly 
regulate the internal and external body temperatures. 
Such heating and/or cooling means can be used to regulate 
the temperature of the inspired heliox-containing 

35 breathing medium, the extremities, the patient's trunk 
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and/or the patient's head. Moreover , such heating and/or 
cooling means can be in the form of convective hot/cold 
fluid in individually controlled surface blankets, con- 
vective hot/cold gas on the body surface, radiant 
5 generated heat, microwave generated heat and/or radiation 
heat sources and heat exchangers. 

Humidif ication means are used to regulate the 
humidity level of the heliox-containing breathing medium 
prior to it being inspired. One example of such a 

10 humidif ication means includes warming the expired gas 
to 3 5°C and then humidifying the same by bubbling it 
through a container of sterile water. 

Referring to Figures 12A-12C, there is illus- 
trated a flow chart which shows a sequence of steps which 

15 can be performed by a signal processor programmed in 
accordance with one embodiment of the present invention. 
The specific sequence of steps illustrated in these 
figures pertains to a forced ventilation procedure. 
Those skilled in the art will appreciate that the illus- 

20 trated sequence of steps may be easily reduced to source 
code instructions which can be input into and/or executed 
by a digital processor. 

At the start of the flow chart, desired ranges 
for the various control system's parameters disclosed 

25 above are established at 500. Moreover, patient cardio- 
vascular and blood gas parameters are also established 
at 500. Examples of such parameters generally include: 
(a) patient's heart rate, (b> patient's blood pressure, 
(c) saturation of oxygen in the patient's circulatory 

30 system, (d) partial pressure of oxygen in the patient's 
circulatory system, and (e) partial pressure of carbon 
dioxide in the patient's circulatory system. These 
established parameters are then transmitted in the form 
of signals to the output ports of a signal processor as 

35 shown in step 502. 
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Values representing parameters associated with 
the patient's initial ventilatory profile are then fed 
into the processing unit, or retrieved from its memory 
if stored therein, as shown in step 504. Examples of 
5 the types of values associated with the GMCS which are 
fed into and/or read by the processor in step 504 
generally include: (a) the heliox-containing breathing 
medium's pressure for when it is passing through the 
patient's pulmonary pathways; (b) the heliox-containing 

10 breathing medium's tidal lung volume for when it is pass- 
ing through the patient's pulmonary pathways; (c) the 
heliox-containing breathing medium's resting lung volume 
during the heliox ventilation procedure; (d) the breath- 
ing medium's flow rate when it is passing through the 

15 patient's pulmonary pathways; (e) the amount of oxygen 
absorbed by the patient from a specific volume of 
inspired, heliox-containing breathing medium; and, (f) 
the amount of carbon dioxide in a specific volume of the 
breathing medium expired by the patient. 

20 Examples of the types of values associated with 

the GCCS which are fed into and/or read by the processor 
in step 504 generally include: (a) the concentration 
of oxygen in a specific volume of the oxygen source used 
in making the heliox-containing breathing medium; (b) 

25 the concentration of helium in a specific volume of the 
helium source used in making the heliox-containing 
breathing medium; (c) the concentration of oxygen in a 
specific volume of the helioxcontaining breathing medium 
prior to its inspiration by the patient; (d) the concen- 

30 tration of helium in a specific volume of the heliox- 
containing breathing medium prior to its inspiration by 
the patient; (e) the concentration of oxygen in a 
specific volume of expired breathing medium; (f) the 
concentration of helium in a specific volume of expired 

35 breathing medium; (g) the concentration of carbon dioxide 
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in a specific volume of expired breathing medium; and, 
<h) the concentration of oxygen in the patient's 
circulatory system during the heliox ventilation proce- 
dure . 

5 Examples of the type of values associated with 

the THCS which are fed into and/or read by the processor 
in step 504 generally include: (a) the temperature of 
the heliox-containing breathing medium prior to its 
inspiration by the patient; (b) the humidity of the 

10 heliox-containing breathing medium prior to its inspira- 
tion by the patient; (c) the patient's internal body 
temperature during the heliox ventilation procedure ; and, 
(d) the patient's external body temperature during the 
heliox ventilation procedure. 

15 At step 506, the program routine is delayed 

during the period of the first inspiration. 

In this preferred embodiment, sensors are 
provided for the continuous measurement of the afore- 
mentioned GMCS, GCCS and THCS inspiratory- and expira- 

20 tory-related values. Specifically, the processing unit 
reads continuously monitored inspiratory-related data 
via its input ports during the execution of the ventila- 
tory loop illustrated at "A" . Similarly, the processing 
unit reads continuously monitored expiratory-related data 

25 via its input ports during the execution of the ventila- 
tory loop illustrated at ^B" . 

An inspiratory breathing cycle program loop 
and control time for executing the loop are then entered 
as shown at 508. Once the inspiratory breathing cycle 

30 loop is entered, the aforementioned GMCS, GCCS and THCS 
values are read from the processing unit's input ports 
as shown at step 510 from M A M . During the inspiratory 
breathing cycle, the processing unit is designed to 
disregard the monitored expiratory breathing cycle data 

35 from "B". 
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The next step is to compare the actually moni- 
tored values during inspiration to their respective upper 
and lower limits which were programmed into the process- 
ing unit as shown at step 512* If any of the actual 
5 values are outside of their respective specified range, 
the processing unit is designed to generate a signal. 
This signal can be sent to an alarm device as shown at 
step 514 and/or to a servo-controlled valving network 
as shown at step 516. In either instance, the appropri- 

10 ate adjustments are made in order to rectify the error 
as shown at step 518. 

If all monitored values are within their 
respective specified ranges (or after the appropriate 
adjustments have been made in accordance with step 518) , 

15 it is necessary to determine whether there has been an 
expiratory breathing cycle as shown in step 520. If the 
answer is "No", the expiratory breathing cycle is 
initiated. 

Here, the heliox ventilation procedure enters 
20 an expiratory breathing cycle program loop as shown at 
step 522. Once the expiratory breathing cycle is 
entered, the aforementioned GMCS, GCCS and THCS values 
are read from the processing unit's input ports as shown 
at step 510 from "B" . During the expiratory breathing 
25 cycle, the processing unit is designed to disregard the 
monitored inspiratory breathing cycle data from "A". 

The next steps are the same as those performed 
during the inspiratory breathing cycle (i«e« , steps 512- 
520) . Once the expiratory breathing cycle is completed, 
30 the answer to step 520 will now be "YES". Under these 
circumstance, the next step is to determine whether the 
heliox ventilation procedure is completed as shown in 
step 524. 

If the answer is "NO", the inspiratory breath- 
35 ing cycle program loop at step 508 is repeated. However, 
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if the answer is "YES" , this means that the heliox 
ventilation process has achieved its desired goal. 
Accordingly, the next step is to terminate the heliox 
ventilation process and simultaneously replace it with 
5 another ventilation process capable of sustaining life 
as illustrated at 52 6. 

In this preferred embodiment, the heliox 
ventilation conditions are monitored continuously and 
adjusted instantaneously. Therefore, the amount of time 

10 that a patient is subjected to a less than optimum 
conditions is minimal . 

The processing unit of the preferred embodiment 
set out above can also be designed to consider the 
effects of atmospheric conditions and the presence of 

15 other tracer gases, if any. By monitoring the presence 
of tracer gases, the processing can be designed to also 
determine parameters such as oxygen consumption, carbon 
dioxide production, respiratory quotient, cardiac output, 
pulmonary blood flow, diffusional dead space, anatomic 

2 0 dead space, intra- and extrapulmonary shunts, diffusion 
capacity and lung tissue water. 

It should be noted that, for the spontaneously 
breathing patient subjected to the process of this 
invention, the following signals would be transmitted 

2 5 to the central processor: oxygenation, transpulmonary 

pressure, gas flow and tidal volume. Additional signals 
may also need to be sent depending upon the patient's 
specific conditions and needs. The inspiratory and 
expiratory cycles would be patient driven. Moreover, 
30 the GCCS and the THCS would regulate, among other things, 
gas concentrations, temperature and humidif ication as 
above . 

A specific example as to how a processing can 
be interfaced to guide, monitor and regulate the system 

3 5 parameters of the GMCS, the GCCS and the THCS in accor- 
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dance with this present invention is provided in Figures 
9-11 , respectively. For simplicity reasons, each figure 
is directed to only one of the control systems. However, 
it is to be understood that the method of this invention 
5 incorporates all three of these systems together. 

Moreover, in each of Figures 9-11, the process- 
ing unit is referred to as a central processing unit 
("CPU"). As used herein, the terms "central processing 
unit", "CPU", "signal processor", "processor" and "pro- 

10 cessing unit" are used interchangeably to refer to a 
means for electronically processing signals . One example 
of such a device is a computer. Also, in each of 
Figures 9-11, like numbers refer to like items. 

Referring now to Figure 9, this figure illus- 

15 trates one embodiment of a GMCS encompassed by the 
present invention. One of the general objectives of the 
. GMCS illustrated in Figure 9 is to maintain adequate gas 
flow at specific concentrations, scrub, filter and 
sterilize the expired breathing medium when employing 

20 a closed-loop configuration. Another of its general; 
objectives is to maintain gas exchange in a safe 
physiological range, and to optimize the reduction of 
breathing resistance ( i.e. . ventilator pressure for 
forced ventilated patients or patient pressure effort 

25 for spontaneous breathing ventilated patients) while 
maintaining proper patient oxygenation. 

In the embodiment illustrated in Figure 9, the 
GCCS feeds a heliox-containing breathing medium through 
line 13. The specific manner in which the GCCS operates 

30 will be illustrated when Figure 10 is explained. 

During an inspiratory breathing cycle, a 
heliox-containing breathing medium is circulated by pump 
10 through inspiratory valve 12 to patient 14 via line 
15. Here, valve 12 and pump 10 work together to 

35 establish the following parameters associated with the 
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inspiratory breathing medium delivered to the patient 
during the inspiration cycle: inspiratory breathing 
medium flow rate, inspiratory time, peak inflation 
pressures, inspiratory tidal volume, inspiratory lung 
5 volume and inspiratorj^breathing frequency. 

The aforementioned parameters are continually 
monitored by pressure, flow and volume sensors which are 
collectively referred to as "inspiratory flow sensors 
16". Inspiratory flow sensors 16 send the monitored 

10 information to CPU 50. 

Predetermined inspiratory reference data asso- 
ciated with the above-identified parameters are input 
into CPU 50 by medically-skilled professionals via line 
18. CPU 50 is designed to compare the information input 

15 therein from inspiratory flow sensors 16 to the prede- 
termined inspiratory reference data input therein. After 
making this comparison, CPU 50 is designed to determine 
whether there is an error between the predetermined 
inspiratory reference data parameters and the actually- 

20 occurring inspiratory values. If an error exists, CPU 
50 is designed to effectuate the necessary adjustments. 

There are a number of different ways in which 
CPU 50 can be designed to make these adjustments. These 
would be readily apparent to those skilled in the art 

25 upon reading this disclosure. 

The overall goal of CPU 50 is to maintain the 
most effective gas exchange and cardiovascular function 
within preset limits while minimizing pressure-related 
pulmonary and cardiovascular compromise. Specifically, 

3 0 as shown in Figures 1-7, each parameter ( e.q» . pressure, 
flow, volume, etc. ) is appropriately adjusted to be main- 
tained within a predetermined range. 

In explaining one example as to how the GMCS 
illustrated in Figure 9 can be designed to correct an 

35 error which may result, consider Figure 4. As explained 
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earlier, Figure 4 is a volume vs. . pressure loop illus- 
trating the presence of overdistintention pressure. 
Specifically, Figure 4 shows excessive pressurization 
of the lungs as represented by flattening of the 
5 pressure-volume loop. There, although lung and tidal 
volumes are within their respective predetermined range, 
airway and alveolar pressure maximums are exceeded. 
Therefore, to reduce pressure and maintain lung and tidal 
volumes within their predetermined range, inspiratory 

10 flow of the breathing medium should be reduced and 
inspiratory time should be increased according to 
mathematical algorithms which interrelate airway and 
alveolar pressures with flow rate, respiratory resis- 
tance, respiratory compliance and inspiratory time. 

15 if the situation illustrated in Figure 4 is 

observed, the GMCS illustrated in Figure 9 can be 
designed to effectuate the necessary changes. For 
example, under these circumstances, CPU 50 can be 
designed to generate signals which manipulate pump 10 

20 and valve 12 via lines 19 and 20, respectively. CPU 50 
can then be designed to determine whether the adjustments 
have been effective in bringing the actually-occurring 
pressures and volumes within desired their predetermined 
ranges by monitoring the signals input therein from 

25 inspiratory flow sensors 16. 

In addition, certain of the patient's cardio- 
vascular and gas exchange parameters are also preferably 
monitored. In the GMCS illustrated in Figure 9 # such 
parameters are continually monitored by sensors which 

30 are collectively referred to as "cardiovascular sensors 
21". The information monitored by cardiovascular sensors 
21 is input into CPU 50. 

Also in the GMCS illustrated in Figure 9, CPU 
50 is designed to compare the predetermined inspiratory 

35 reference values input therein via line 18 with th 
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cardiovascular and gas exchange values input therein from 
sensors 21. This comparison is made to determine whether 
the mechanical changes, resulting from signals generated 
along lines 19 and 20, have influenced the patient's 
5 cardiopulmonary function. 

During expiration, the breathing medium is 
circulated by pump 24 from patient 14 through expiratory 
valve 25. Here, valve 25 and pump 24 work together to 
establish the following parameters associated with the 

10 expiratory breathing medium removed from the patient 
during the expiration cycle: expiratory breathing 
medium's flow rate, expiratory time, peak deflation 
pressures, expiratory tidal volume, expiratory lung 
volume and expiratory breathing frequency. 

15 The aforementioned parameters are continually 

monitored by pressure, flow and volume sensors which are 
collectively referred to as "expiratory flow sensors 27". 
Expiratory flow sensors 27 send the monitored information 
to CPU 50. 

2 o Predetermined expiratory reference data 

associated with the above-identified parameters are input 
into CPU 50 by medically-skilled professionals via line 
29. CPU 50 is designed to compare the information input 
therein from expiratory flow sensors 27 to predetermined 

25 expiratory reference data input therein from sensors 27. 
After making this comparison, CPU 50 is designed to 
determine whether there is an error between the predeter- 
mined expiratory reference data parameters and the 
actually-occurring expiratory values . If an error 

30 exists, CPU 50 is designed to effectuate the necessary 
adjustments . 

As indicated before, there are a number of 
different ways in which CPU 50 can be designed to make 
these adjustments. These would be readily apparent to 

35 those skilled in the art upon reading this disclosure. 
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In explaining another example as to how the 
GMCS illustrated in Figure 9 can be designed to correct 
an error which may result, consider Figure 5A. As 
explained earlier, Figure 5A is a volume vs. pressure 
5 loop illustrating the presence of an airway collapse. 
Specifically, Figure 5A shows excessive negative 
pressurization of the lungs as represented by flattening 
of the pressure-volume loop. There, although tidal 
volume is within its pre-determined range, airway and 

10 alveolar pressure minimums are exceeded. Therefore, to 
reduce pressure and maintain tidal volume within its 
predetermined range, expiratory flow of the breathing 
medium should be reduced and expiratory time should be 
increased according to mathematical algorithms which 

15 interrelate airway and alveolar pressures with flow 
rates, respiratory resistance, respiratory compliance 
and expiratory time. 

If the situation illustrated in Figure 5A is 
observed, the GMCS illustrated in Figure 9 can be 

20 designed to effectuate the necessary changes. For exam- 
ple, under these circumstances, CPU 50 can be designed 
to generate signals which manipulate pump 24 and valve 
25 via lines 30 and 31, respectively. CPU 50 can then 
be designed to determine whether the adjustments have 

25 been effective in bringing the actually-occurring 
pressures and volume within their desired predetermined 
ranges by monitoring the signals input therein from 
expiratory flow sensors 27. 

Since lung volume^nd tidal volume can influ- 

30 ence cardiovascular function, another level of control 
performed by CPU 50 involves a feedback between cardio- 
pulmonary and ventilatory parameters. Specifically, in 
the embodiment illustrated in Figure 9, lung volume and 
tidal volume are continuously monitored by inspiratory 
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flow sensors 16 and expiratory flow sensors 27. This 
monitored information is fed back into CPU 50* 

As indicated earlier, CPU 50 is designed to 
compare the patient's cardiovascular and gas exchange 
5 parameters monitored cardiovascular sensors 21 with 
expiratory reference data and inspiratory reference data. 
By making this comparison, CPU 50 can determine if lung 
volume or tidal volume changes have influenced the 
patient's cardiopulmonary function. 

10 For example, if the patient's cardiovascular 

function is impaired by excessive lung volumes ( e.g. , 
increased lung volume , increases pulmonary vascular 
resistance, decreases right ventricular output, etc.), 
CPU 50 can be designed to measure an error in cardiovas- 

15 cular function and generate an appropriate signal which 
will correct this error. Specifically, under the 
aforementioned circumstances, CPU 50 can be designed to 
generate a signal to correct the excessive lung volume 
by manipulating pump 10, valve 20, pump 24 and valve 25 

20 via lines 19, 20, 30 and 31, respectively. If manipu- 
lated properly, this will correct the excessive lung 
volume by reducing inspiratory flow rate, increasing 
expiratory time and decreasing inspiratory time. 

After these adjustments are made, CPU 50 can 

25 be designed to determine whether the adjustments have 
been effective in bringing the patient's cardiovascular 
function within the desired predetermined expiratory 
reference data ranges and inspiratory reference data 
ranges input therein via lines 29 and 18, respectively. 

30 In addition, CPU 50 can be designed to compare this 
expiratory reference data and inspiratory reference data 
to the values monitored by inspiratory flow sensors 16 
and expiratory flow sensors 27 as a means of determining 
whether lung volume changes have influenced the patient's 

35 cardiopulmonary function. 
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It should be noted that lung volume can 
indirectly influence oxygenation by compromising the 
patient's cardiopulmonary function. Lung volume can also 
directly influence oxygenation due to increased surface 
5 area for gas exchange. 

In a similar feedback control algorithm as 
described above, lung volume can be increased or 
decreased to effectively change arterial oxygenation 
independent of the GCCS . A detailed explanation of a 

10 GCCS designed in accordance with the present invention 
will be described later when explaining Figure 10. 

Moreover, in addition to optimizing gas 
exchange through adjustments in lung mechanics and venti- 
latory parameters ( i.e. . tidal volumes, pressures, etc.), 

15 gas exchange can be optimized by measuring the carbon 
dioxide tension in the alveolar and mixed expiratory 
breathing medium using sensor 36. The information moni- 
tored by sensor 36 is fed into CPU 50. 

Under these circumstances, CPU 50 can be 

20 designed to compute diffusion dead space according to 
mathematical algorithms and optimize the respiratory 
frequencies and tidal volumes. CPU 50 can be designed 
to make any necessary adjustments at the end of expira- 
tion by manipulating pump 10, valve 12, pump 24 and valve 

25 25 via lines 19, 20, 30 and 31, respectively. 

After making these manipulations, CPU 50 can 
be designed to determine whether the adjustments have 
been effective in bringing carbon dioxide tension levels 
within the predetermined levels. In addition, CPU 50 

3 0 can be designed to compare^expiratory reference data and 
inspiratory reference data input therein via lines 29 
and 18, respectively, with values monitored by cardio- 
vascular sensors 21 to determine if ventilatory changes 
have influenced the patient's cardiopulmonary function. 
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If the GMCS illustrated in Figure 9 is to reuse 
the helium contained in the expired breathing medium 
passing through pump 24 ( i.e. , a closed-loop system) , 
valve 11 will be closed and valve 26 will be opened. 
5 on the other hand, if^the expired breathing medium is 
not to be reused, valve 11 will be opened and 'valve 26 
will be closed. 

If the system is being operated in a closed- 
loop configuration, the expired breathing medium must 

10 be scrubbed, filtered and sterilized since it contains 
undesired impurities such as carbon dioxide, nitrogen 
and impurities. In Figure 9, the unit designed to 
perform this function is generally referred to as unit 
38. In practice, unit 38 can be a single unit or a 

15 number of different units. 

The rate at which the expired breathing medium 
passes through Unit 38 is controlled, in part, by the 
manipulation of pump 40 and valve 42. Pump 40 and valve 
4 2 can be manipulated by CPU 50, if so desired. 

20 After being appropriately scrubbed, filtered 

and sterilized by unit 38, the thus treated expired 
breathing medium is passed to the GCCS via line 46. The 
manner in which the GCCS employs such a treated breathing 
medium will be illustrated in the explanation of Figure 

25 10. 

Referring now to Figure 10, this figure illus- 
trates one embodiment of a GCCS encompassed by the 
present invention. One of the major objectives of the 
GCCS is to maintain effective heliox, oxygen and carbon 
3 0 dioxide partial pressures, tensions and concentrations 
in the inspired and/or expired breathing medium. 

In the embodiment illustrated in Figure 10 , 
oxygen, helium and nitrogen are fed into a gas manifold 
100 via lines 102, 104 and 106, respectively. If 
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desired, inert tracer gas(es) can optionally be fed into 
gas manifold 100 via line 108, 

Gas manifold 100 includes a series of valves 
(not shown) which control the concentration of each gas 
5 passing therefrom into gas blender 110 via line 112. 
Blender 110 mixes the gases into a homogeneous mixture 
( i.e. , a heliox-containing breathing medium) and passes 
this mixture to the patient 14 via line 13, pump 10, 
valve 12 and line 15 ( see, e.g. . explanation of items 
10 13, 10, 12 and 15 in Figure 9) . The manipulation of pump 
10 and valve 12 by the GMCS and CPU 50 was explained 
earlier. 

Inspiratory gas concentration sensors for 
oxygen, helium and nitrogen, referred to as items 111, 

15 113 and 114, are positioned in blender 110. Sensors 111, 
113 and 114 monitor the oxygen, helium and nitrogen 
concentrations in the heliox-containing breathing medium 
contained in blender 110. 

The signals generated by sensors 111, 113 and 

20 114 are passed to analyzer 128. A reference oxygen 
concentration level, a reference helium concentration 
level and a reference nitrogen concentration level are 
also passed into analyzer 128. 

These reference gas concentration levels are 

25 predetermined values relating to the range within which 
the respective gases should be maintained during heliox 
ventilation. These ranges, which are based in part upon 
the specific needs of the patient, are determinable by 
skilled artisans using conventional computations. 

30 Analyzer 128 assesses the error between sensors 

111, 113 and 114 and their respective reference gas 
concentration levels and generates a signal indicative 
of this value. This information is then fed into CPU 
50. 
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CPU 50 is programmed to make the necessary 
adjustments in order for the actual gas concentration 
levels within blender 110 to be within the range of their 
respective reference concentration levels. There are 
5 a number of ways in which CPU 50 can be programmed to 
make these adjustments. 

For example, a signal can be sent to gas 
manifold 100 via line 144. This signal can be designed 
to adjust the valve controlling the amount of oxygen, 

10 helium and/or nitrogen passing from manifold 100 into 
gas blender 110. This would, in turn, alter the 
concentration of the various gases within blender 110. 

As will be appreciated by those skilled in the 
art, additional gas concentration sensors can be placed 

15 in blender 110 corresponding to other optional gases 
( e.q« . inert tracer gases) which may be introduced into 
blender 110. Under these circumstances, it would also 
be desirable to input into analyzer 128 reference gas 
concentration levels associated the optional gases. 

20 As stated above, the another sublevel of 

control in the GCCS guides, monitors and regulates the 
gas levels within the patient during heliox ventilation. 
One of the major objectives of this sublevel of control 
is to monitor whether the patient is being properly 

25 oxygenated. While this sublevel of control can also be 
used to monitor other gas levels within the patient, for 
the purposes of this embodiment, oxygen concentration 
levels will be the only addressed. 

In Figure 10, an oxygen sensor 146 is placed 

30 in an appropriate region of the patient's circulatory 
system. Oxygen sensor 146 monitors the concentration 
of oxygen within the patient's blood during the heliox 
ventilation process. This information is passed to 
analyzer 148. A signal representing the reference 
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oxygenation level relating to the patient's blood is also 
fed into analyzer 148. 

Analyzer 148 assesses the error between the 
actual oxygenation level monitored by sensor 14 6 and the 
5 reference oxygenation level and generates a signal 
indicative of this value. This information *is trans- 
mitted to CPU 50 which adjusts the heliox ventilation 
system accordingly. As will be appreciated by those 
skilled in the art, the function of analyzers 128 and 

10 148 can be performed by a properly programmed CPU. 

As stated above, there are many different ways 
in which CPU 50 can be programmed to correct errors in 
oxygen concentration levels within the patient. One 
method is by controlling the oxygen concentration of the 

15 gas as it passes through gas blender 110. Another method 
is by controlling certain aspects of the GMCS. The 
actual adjustments which will be made will depend, in 
part, upon the patient's optimum volume vs. pressure loop 
and the patient's optimum flow vs. volume loop as 

20 described earlier. 

For example, CPU 50 can be programmed to 
regulate the following parameters associated with the 
GMCS: the rate at which oxygenated breathing medium 
passes through the patient's pulmonary pathways, the 

25 tidal lung volume of the patient during the heliox 
ventilation procedure, the resting lung volume of the 
patient during the heliox ventilation procedure, and the 
like. These adjustments, when performed singularly or 
collectively, will have an effect on the oxygen level 

3 0 within the patient. 

The GCCS can also be designed to guide, monitor 
and regulate the amount of gases in the expired breathing 
medium. In the embodiment illustrated in Figure 10, the 
particular gases in the expired breathing medium which 
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are being guided, monitored and regulated are oxygen, 

helium and carbon dioxide. 

This information collected from observing the 

concentration of various gases in the expired breathing 
5 medium is extremely useful when determining the effi- 
ciency of gas exchange between the heliox-containing 

breathing medium and the patient. 

In Figure 10, expired breathing medium passes 

from the patient via line 27. Gas sensor 156 is 
10 positioned to monitor gas concentrations of oxygen, 

helium and carbon dioxide within the expired breathing 

liquid. This monitored information is fed into CPU 50. 

Here, CPU 50 is designed to perform the function of 

analyzing the difference between the actually monitored 
15 gas concentration levels in the expired breathing medium 

and the reference expiratory gas concentration levels 

input therein. 

As indicated in the discussion of Figure 9, 

CPU 50 can control the amount of the expired breathing 
20 medium which will be recycled, if any. This degree of 

control can be performed by regulating valves 25, 11 and 

42 via signals (not shown) generated by CPU 50. 

As also indicated in the discussion of Figure 

9, the expired breathing medium being recycled must first 
25 passes through gas scrubber/filter/sterilizer unit 38. 

After being scrubbed, filtered and sterilized, the 

breathing medium passes sensor 172. 

Sensor 172 monitors the level of gases in the 

expired breathing liquid after passing through unit 38. 
3 0 Sensor 172 transmits the monitored information to CPU 

50. Again, CPU 50 is designed to perform the function 

of analyzing the difference between the actual recycled 

gas concentration levels and the reference expired gas 

concentration levels input therein. 
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If there is unacceptable levels of undesired 
gases in the expired breathing liquid, CPU 50 can be 
programmed to make the necessary adjustments to the gas 
scrubbing procedure . This may include , for example , 
5 increasing gas scrubbing, filtering and sterilizing time 
via signal 170. CPU 50 can also be programmed to recycle 
the scrubbed gas back through scrubbing device 38 by 
manipulating valves 45 and 46. Then, after the expired 
breathing medium has been satisfactorily scrubbed, 

10 filtered and sterilized, it is recycled to gas blender 
110 via line 49. 

The GCCS described in Figure 10 is merely one 
embodiment in which this aspect of the invention can be 
practiced. Upon reading this disclosure, those skilled 

15 in the art would readily understand how to adjust this 
particular GCCS in order to accommodate the specific 
needs of the patient and a specific heliox ventilation 
system. 

Moreover, the GCCS described in Figure 10 can 
20 be applicable to either a forced heliox ventilation 
system or a spontaneous breathing heliox ventilation 
system. 

Referring now to Figure 11, this figure illus- 
trates one embodiment of a THCS encompassed by the 

25 present invention. One of the main objectives of the 
THCS illustrated in this figure is to maintain the 
temperature of the inspired breathing medium within a 
specific range. Another of its major objectives is to 
humidify the heliox-containing breathing medium prior 

30 to it being inspired by the^patient in order to maintain 
effective gas exchange and/or concentration of oxygen 
and carbon dioxide in the body. 

In order to accomplish these objectives, the 
THCS illustrated in Figure 11 utilizes a . series of 

35 thermal and humidif ication sensors, heat sources, 
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humid ificat ion sources, puiaps and bleeding valves. These 
thermal and humidif ication devices can take any suitable 
form known to those skilled in the art. 

The pumps and valves illustrated in Figures 
5 9 and 10 have been omitted from Figure 11. Although not 
shown, they are still presumed to be present^ 

In Figure 11, thermal sensor 201 and humidif i- 
cation sensor 202 are placed in line 15. Sensor 201 
monitors the temperature of the heliox-containing 

10 breathing medium and sensor 202 monitors the humidity 
of the heliox-containing breathing medium as the 
breathing medium is being inspired by the patient. 

Moreover, sensor 208 is placed in the patient's 
esophagus; and, sensor 210 is placed in the patient's 

15 rectum. Sensors 208 and 210 monitor the core temperature 
of the patient's trunk 212. 

Sensor 214 is also positioned adjacent to the 
patient's tympanic membrane. This sensor monitors core 
temperature of the patient's head 216. 

20 A plurality of sensors, collectively referred 

to by item 218, are also placed on each of the patient's 
extremities, collectively referred to as item 220. These 
sensors are designed to monitor the patient's surface 
and peripheral body temperatures. 

25 A temperature sensor 230 and a humidif ication 

sensor 231 are placed into each of the gas sources being 
supplied to gas manifold 100. For simplifying this 
discussion, all of the various gas sources are referred 
to in this figure as "gas source 203". Sensors 230 and 

30 231 are designed to monitor the temperature and humidity 
of the various gas sources prior to their entering gas 
manifold 100. 

A temperature sensor 242 and a humidif ication 
sensor 243 are positioned in gas- manifold 100. These 

3 5 sensors are designed to monitor the temperature and 
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humidity of the various gases as they are passing through 
the manifold. 

A temperature sensor 245 and a humidif ication 
sensor 247 are positioned in gas blender 110. These 
5 sensors are designed to monitor the temperature and 
humidity of the various gases as they are passing through 
the blender. 

In order to monitor the temperature of the 
expired breathing medium, a temperature sensor 244 and 
10 a humidif ication sensor 249 are positioned in line 27. 
If the breathing medium passing through line 27 is to 
be recycled, sensors 244 and 249 are interposed between 
the patient and scrubber/filter/sterilizer unit 38. 

Moreover, if the breathing medium is being 
15 recycled, a temperature sensor 251 and a humidif ication 
sensor 253 are positioned in line 49 passing from unit 
38 to gas blender 110. These sensors are designed to 
monitor the temperature and humidity of the treated, 
expired breathing medium prior to it entering the 

2 0 blender. 

In addition to the above, temperature sensors 
222 and 224 are placed in the heating source 226 and 
cooling source 228, respectively. Moreover, humidif ica- 
tion sensor 223 is placed in the humidif ication source 
25 225. 

Each of the aforementioned sensors are 
interlinked with CPU 50. CPU 50 is, in turn, interlinked 
with heating source 226, cooling source 228, and 
humidif ication source 225 via output lines 248, 250 and 

3 0 239, respectively. ^ 

Inspiratory and expiratory reference data is 
fed into CPU 50 prior to the commencement of the heliox 
ventilation procedure. The inspiratory reference data 
pertains to parameters such as the temperature and 
3 5 humidity ranges of the breathing medium and/or its 
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components prior to and/or during the inspiratory 
breathing cycle. On the other hand, the expiratory 
reference data pertains to parameters such as the 
temperature and humidity ranges of the breathing medium 

5 during and/or after t^x,e expiratory breathing cycle. 

Heating source 226, cooling source 228 and 
humidification source 225 each comprise a series of 
valves and/or pumps which can be regulated to meter a 
specific amount of the heating, cooling and/or humidif i- 

10 cation means to gas source 203, gas manifold 100, gas 
blender 110 and unit 38, as well as to meter a specific 
amount of the heating and cooling means to the various 
parts of the patient's body ( i.e. , head 216, trunk 212 
and/or extremities 220) . 

15 CPU 50 is designed to control each of the 

heating source's valves and/or pumps through an output 
signal passing along line 248. similarly, CPU 50 is also 
designed to control each of the cooling source's valves 
and/or pumps via an output signal passing along line 250, 

20 and each of the humidification sources valves and/or 
pumps via an output signal passing along line 239. 

In operation, sensor 202 monitors the tempera- 
ture and sensor 201 monitors the humidity of the heliox- 
containing breathing medium passing from gas blender 110 

25 into the patient via line 15. This monitored information 
is then fed into CPU 50. 

If the temperature of the heliox-containing 
breathing medium passing by sensor 2 02 is not at the 
predetermined level established by the inspiratory 

3 0 reference data, CPU 50 is designed to send a signal to 
heating source 226 or cooling source 228. 

Specifically, if the temperature of the heliox- 
containing breathing medium passing through line 15 is 
below the predetermined temperature, CPU 50 will pass 

35 the appropriate signal to heating source 226 via line 
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248. This will manipulate the appropriate valves and/or 
pumps which are necessary for heating source 22 6 to raise 
the temperature of the heliox-containing breathing medium 
to the correct level. This can be done by passing a 
5 heating medium to gas source 203, to gas manifold 100 , 
to gas blender 110 and/or to unit 38. 

Similarly, if the temperature of the heliox- 
containing breathing medium passing by sensor 202 is 
above the predetermined temperature range, CPU 50 will 

10 send the appropriate signal to cooling source 228 via 
output line 250. Here, the appropriate valves and/or 
pumps which were necessary for cooling source 228 will 
be manipulated in order to lower the temperature of the 
heliox-containing breathing medium to the correct level. 

15 This can be done by passing a cooling medium to gas 
source 203, to gas manifold 100, to gas blender 110 
and/or to unit 38. 

On the other hand, if the humidity of the 
heliox-containing breathing medium passing by sensor 201 

20 is below the predetermined humidity range, CPU 50 will 
send the appropriate signal to humidif ication source 225 
via output line 2 50. Here, the appropriate valves and/ or 
pumps which are necessary for humidif ication source 225 
will be manipulated in order to alter the humidity of 

25 the heliox-containing breathing medium to the correct 
level. This can be done by passing a humidif ication 
medium to gas source 203, to gas manifold 100, to gas 
blender 110 and/or to unit 38. 

As stated above, sensors 214, 208, 210 and 218 

30 are positioned accordingly to monitor the patient's 
internal and external body temperature prior to, during 
and/or after the heliox ventilation procedure. These 
sensors are linked with CPU 50. 

In the specific embodiment illustrated in 

35 Figure 11, heating source 226 and cooling source 228 are 
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designed to independently control the temperature in the 
patient's head 216, trunk 212 and extremities 220. 
Specifically, if either of sensors 214 , 208 and 210, or 
218 indicate that a particular region of the patient's 
5 body is below its predetermined temperature levels as 
set by the inspiratory and/or expiratory reference data 
input into CPU 50, CPU 50 will pass the appropriate 
signal to heating source 226 via output signal line 248. 
The signal passing through line 248 will adjust the 

10 heating source such that the appropriate heating medium 
will pass to the patient's head 216, the patient's trunk 
212 and/or the patient's extremities 220. Similarly, 
if the sensors indicate that the patient's head, trunk 
and/or extremities are above their predetermined tempera- 

15 ture levels, CPU 50 will pass the appropriate signal to 
cooling source 228 via output signal line 250, This 
signal will adjust cooling source 228 such that the 
appropriate cooling medium will pass to the patient's 
head 216, trunk 212 or extremities 220. 

20 Figure 11 illustrates but one method of 

guiding, monitoring and regulating a patient's internal 
and external body temperatures during a heliox ventila- 
tion procedure. This figure also illustrates one method 
of guiding, monitoring and regulating the humidif ication 

25 level of the breathing medium employed in a heliox 
ventilation procedure. Upon reading this disclosure, 
those skilled in the art will be able to adapt this 
system accordingly depending upon the patient's specific 
needs and the specific heliox ventilation system 

30 employed. 

The process control system of the present 
invention can be adapted to most conventional heliox 
ventilation systems. When making the adaptations, the 
following mathematical algorithms should be considered. 
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Firstly, for constant driving pressure ( i.e. . 
ventilation pressure or esophageal pressure) , and for 
constant respiratory function ( i.e. . lung compliance 
("C L ") and lung resistance ("R L ")), ventilation ("V T ") is 
5 proportional to the ratio of the densities and concen- 
trations of inspired helium. This is illustrated by the 
following equation: 



wherein, He% = {1 - 0 2 %} « N 2 %, when helium 
10 replaces nitrogen as the carrier gas. 

When the theoretical force constant for the concentration 
effect of helium ("F^" ) is represented by the following 
at about 37 °C, 



15 



/ 



{ Jft* > 

I Pho ) 



then, 



i& a 3.0 



The following table shows the theoretical force constant 
20 for helium at various per@€fentages of oxygen and helium. 
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21 


79 


2.37 


30 


^ 70 


2. 10 


50 


50 


1.50 


70 


30 


1.00 



From the above table it can be seen that the greatest 
10 ventilation corresponds to the greatest percentage of 
helium. 

It has also been observed that the decrease 
in pressure requirements f i.e> , ventilation pressure or 
esophageal pressure) is related to the theoretical force 
15 constant for helium (F Hc ) and the patient's lung compli- 
ance (C L ) and lung resistance (R L ) . This is illustrated 
by the following equation: 

Pressure <* V{ R L ) + 



20 Therefore, when considering the effect of helium, 

I A Pressure « F He \^ r l * 

Accordingly, patients with the greatest abnormalities 
in lung compliance (C L ) and lung resistance (R L ) should 
benefit most from a change in the force constant for 
25 helium (F H ) • 
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The following algorithms can be used to predict 
changes in helium concentration and the empirical 
magnitude of helium concentration: 



< F H „ ) A 



co 2 



accordingly , 



IA V, 



CO, 



( F He ) A 



B 



- { 1 °: 
( J O 



Satura tion y 



co 2 P A 



In operation, the ventilator system of the 
present invention can blend a mixture of at least gaseous 

10 helium and gaseous oxygen to form a heliox blend. This 
ventilator system can also automatically control the 
administration of the heliox blend into at least a 
portion of a patient's pulmonary air pathways such that 
physiological homeostasis is maintained within the 

15 patient with respect to heliox gas flows, gas volumes 
and gas pressures, with respect to helium and oxygen 
concentrations in the heliox blend, with respect to heat 
exchange between the heliox blend and the patient, and 
with respect to the patient's body temperature during 

20 ventilation. 

The ventilation system encompassed by the 
present invention includes a number of commercially 
available items. After reading this disclosure, those 
skilled in the art will be able to practice this 

25 invention by selecting the items which best suits their 
needs and the needs of the patient. 
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Since a number of different items can be 
selected which perform the same function, the components 
of one specific embodiment of the present invention will 
be described below with reference to the function they 
5 perform ♦ This example is merely for illustrative 
purposes and is not to be construed as limiting the scope 
of the present invention. 

The ventilation system of this specific 
embodiment pertains to a forced ventilation system. This 
10 system includes a gaseous helium pressure control means 
for providing a pressure regulated source of gaseous 
helium and a gaseous oxygen pressure control means for 
providing a pressure regulated source of gaseous oxygen. 
The pressure regulated sources of helium and oxygen are 
15 supplied to a blending means which is designed to blend 
the gases together to form a gaseous heliox blend. 

The system also includes a helium flow control 
means and an oxygen flow control means. These flow 
control means control the rate at which gaseous helium 
20 and gaseous oxygen flow into the blending means. More- 
over, these control means are in gaseous communication 
with their respective gas source and with the blending 
means . 

The heliox blend passes from the blending means 
25 to at least a portion of a patient's pulmonary air 
pathways via a respiration receptacle. This respiration 
receptacle can be any suitable device known to those 
skilled in the art. Examples of suitable respiration 
receptacles are illustrated in Figures 13A-13D. 
3 0 A temperature adjusting means and a humidifica- 

tion adjusting means are included for controlling the 
temperature and the humidity of the heliox blend in the 
respiration receptacle. Examples of such means are 
illustrated in Figure 11. 
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The rate at which the heliox blend flows into 
the respiration receptacle is controlled by a heliox 
blend flow control means. This flow control means is 
designed to control flow in accordance with a pre- 
5 determined heliox blend flow rate vs. time function. 
Moreover, this flow control means is in gaseous communi- 
cation with the blending means and the respiration recep- 
tacle. 

The volume of the heliox blend inspired during 
10 the inspiratory portion of a patient's breathing cycle 
is controlled by an inspiration volume control means. 
Moreover, the volume of the expiratory gas expired 
during the expiratory portion of a patient's breathing 
cycle is controlled by an expiration volume control 
15 means. 

The next grouping of components pertains to 
means for selecting desired levels and/or parameters for 
a heliox ventilation procedure. This group of components 
also generates signals which are indicative of the 

20 selected values. 

Any suitable means known to those skilled in 
the art which can perform these functions can be used 
when practicing this invention. One example of a 
suitable means is a signal processor after being properly 

25 programmed with the necessary information. 

In this group of components, a desired 
concentration of gaseous helium and gaseous oxygen in 
the heliox blend, as the blend is in the respiration 
receptacle, is selected by a first means and a second 

30 means, respectively. The^first and second means also 
generate a first and second signal, respectively. The 
first signal has a value which is indicative of the 
desired helium concentration in the heliox blend. 
Similarly, the second signal has a value which is 
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indicative of the desired oxygen concentration in the 
heliox blend. 

A desired heliox blend flow rate, from the 
respiration receptacle into at least a portion of the 
5 patient's pulmonary pathways, is selected by a third 
means. The third means also generates a third signal 
having a value indicative of the heliox blend desired 
flow rate. 

A desired temperature level of the heliox 

10 blend, before the heliox blend is inspired by the 
patient, is selected by a forth means. Moreover, a 
desired temperature level of the expiratory gas being 
expired by the patient is selected by a fifth means. 

The forth means generates a forth signal having 

15 a value indicative of the heliox blend desired 
temperature level. Similarly, the fifth means generates 
a fifth signal having a value indicative of the expi- 
ratory gas desired temperature level. 

A desired humidif ication level of the heliox 

20 blend, before the blend is inspired by the patient during 
the inspiration portion of a breathing cycle, is selected 
by a sixth means. The sixth means generates a sixth 
signal having a value indicative of the heliox blend 
desired humidif ication level. 

25 A desired temperature level of at least a 

portion of a patient's pulmonary pathways, as said 
patient is being ventilated with the heliox blend is 
selected by a seventh means. The seventh means generates 
a seventh signal having a value indicative of the 

30 patient's pulmonary pathways desired temperature level. 

A desired pressure level of the heliox blend, 
as the blend is passing from the respiration receptacle 
to the patient's pulmonary pathways is selected by an 
eighth means. Moreover, a desired- pressure level of the 
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expiratory gas to be expired by the patient is selected 
by a ninth means. 

The eighth means generates an eighth signal 
which has a value indicative of the heliox blend desired 
5 pressure level . Similarly, the ninth means generates 
a ninth signal which has a value indicative of the 
expiratory gas desired pressure level. 

A desired volume of the heliox blend to be 
inspired by said patient is selected by a tenth means. 
10 Moreover, a desired volume of the expiratory gas to be 
expired by the patient is selected by an eleventh means. 

The tenth means generates a tenth signal which 
has a value indicative of the heliox blend desired 
volume. Similarly, the eleventh means generates an 
15 eleventh signal having a value indicative of the 
expiratory gas desired volume. 

A desired concentration of gaseous oxygen in 
the expiratory gas is selected by a twelfth means. The 
twelfth means generates a twelfth signal having a value 
20 indicative of the desired oxygen concentration in the 
expiratory gas. 

A desired concentration of oxygen in a 
preselected portion of the patient's circulatory system, 
while the patient is ventilated with the heliox blend, 
25 is selected by a thirteenth means. The thirteenth means 
generates a thirteenth signal having a value indicative 
of the desired oxygen concentration in the patient during 

ventilation. 

The next grouping of components pertains to 
30 means for detecting actual levels and/or parameters 
during a heliox ventilation procedure. This group of 
components also generates signals which are indicative 
of the detected values. 

Any suitable means known to those skilled in 
35 the art which can perform these functions can be used 
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when practicing this invention. One example of a 
suitable means is a series of thermal, humidif ication, 
concentration, pressure, volume and flow sensors and 
gauges positioned in the appropriate locations in the 
5 ventilation system ary| : the patient. 

In this group of components, the actual 
concentration of gaseous helium in the heliox blend, and 
the actual concentration of gaseous oxygen in the heliox 
blend, as the blend is in the respiration receptacle, 

10 is detected by a fourteenth means and a fifteenth means, 
respectively. The fourteenth means generates a four- 
teenth signal having a value indicative of the actual 
helium concentration in the heliox blend. Similarly, 
the fifteenth means generates a fifteenth signal having 

15 a value indicative of the actual oxygen concentration 
in the heliox blend. 

The actual heliox blend flow rate from the 
respiration receptacle into at least a portion of the 
patient's pulmonary pathways is detected by a sixteenth 

20 means. The sixteenth means generates a sixteenth signal 
having a value indicative of the blend's actual flow 
rate. 

The actual temperature of the heliox blend, 
prior to the blend being inspired by the patient, is 
25 detected by a seventeenth means. Moreover, the actual 
temperature of the expiratory gas being expired by the 
patient is detected by an eighteenth means. 

The seventeenth means generates a seventeenth 
signal which has a value indicative of the heliox blend 
30 actual temperature. Similarly, the eighteenth means 
generates an eighteenth signal which has a value 
indicative of the expiratory gas actual temperature. 

The actual humidity of the heliox blend, prior 
to the blend being inspired by the patient, is detected 
3 5 by a nineteenth means. The nineteenth means generates 



WO 95/16484 PCTYUS94/131S4 



a nineteenth signal having a value indicative of the 
heliox blend actual humidity. 

The actual temperature of at least a portion 
of a patient's pulmonary pathways, as the patient is 
5 being ventilated with the heliox blend, is detected by 
a twentieth means. The twentieth means generates a 
twentieth signal having a value indicative of the 
patient's pulmonary pathways actual temperature. 

The actual pressure of the heliox blend, as 

10 the blend is passing from the respiration receptacle to 
the patient's pulmonary pathways, is detected by a is 
detected by a twenty- first means. Moreover , the actual 
pressure of the expiratory gas being expired by the 
patient during the expiration portion of the breathing 

15 cycle is detected by a twenty-second means. 

The twenty- first means generates a twenty-first 
signal which has a value indicative of the heliox blend 
actual pressure. Similarly, the twenty-second means 
generates a twenty-second signal which has a value 

20 indicative of the expiratory gas actual pressure. 

The actual volume of the heliox blend being 
inspired by the patient is detected by a twenty-third 
means. Moreover, the actual volume of the expiratory 
gas being expired by the patient is detected by a twenty- 

25 fourth means. 

The twenty-third means generates a twenty-third 
signal which has a value indicative of the heliox blend 
actual volume. Similarly, the twenty-fourth means 
generates a twenty-fourth signal which has a value 

30 indicative of the expirat<MQr gas actual volume. 

The actual concentration of gaseous oxygen in 
the expiratory gas is detected by a twenty-fifth means. 
The twenty-fifth means generates a twenty-fifth signal 
having a value indicative of the actual oxygen concen- 

35 tration in the expiratory gas. 
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The actual concentration of oxygen, in a pre- 
selected portion of the patient's circulatory system 
while the patient is ventilated with the heliox blend, 
is detected by a twenty-sixth means. The twenty-sixth 
5 means generates a twgnty-sixth signal having a value 
indicative of the actual oxygen concentration in patient. 

The next grouping of components pertains to 
means for comparing signals generated by the various 
selecting means to corresponding signals generated by 
10 the detecting means. This group of components also 
generates signals which are indicative of the dif- 
ferences, if any, between the signals. 

Any suitable means known to those skilled in 
the art which can perform these functions can be used 
15 when practicing this invention. One example of a 
suitable means is a signal processor after being properly 
programmed with the necessary information . 

In this group of components, the first signal 
is compared to the fourteenth signal by a twenty-seventh 
20 means. The twenty-seventh means generates a twenty- 
seventh signal having a value indicative of the dif- 
ference therebetween. 

The second signal is compared to the fifteenth 
signal by a twenty-eighth means. The twenty-eighth means 
25 generates a twenty-eighth signal having a value indica- 
tive of the difference therebetween. 

The third signal is compared to the sixteenth 
signal by a twenty-ninth means. The twenty-ninth means 
generates a twenty-ninth signal having a value indicative 
30 of the difference therebetween. 

The forth signal is compared to the seventeenth 
signal by a thirtieth means. The thirtieth means 
generates a thirtieth signal having a value indicative 
of the difference therebetween. 
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The fifth signal is compared to the eighteenth 
signal by a thirty-first means. The thirty-first means 
generates a thirty-first signal having a value indicative 
of the difference therebetween. 
5 The sixth signal is compared to the nineteenth 

signal by the thirty-second means. The thirty-second 
means generates a thirty-second signal having a value 
indicative of the difference therebetween. 

The seventh signal is compared to the twentieth 
10 signal by a thirty-third means. The thirty-third means 
generates a thirty-third signal having a value indicative 
of the difference therebetween. 

The eighth signal is compared to the twenty- 
first signal by a thirty-fourth means. The thirty-fourth 
15 means generates a thirty-fourth signal having a value 
indicative of the difference therebetween. 

The ninth signal is compared to the twenty- 
second signal by a thirty-fifth means. The thirty-fifth 
means generates a thirty-fifth signal having a value 
20 indicative of the difference therebetween. 

The tenth signal is compared to the twenty- 
third signal by a thirty-sixth means. The thirty-sixth 
means generates a thirty-sixth signal having a value 
indicative of the difference therebetween. 
2 5 The eleventh signal is compared to the twenty- 

fourth signal by a thirty-seventh means. The thirty- 
seventh means generates a thirty-seventh signal having 
a value indicative of the difference therebetween. 

The twelfth signal is compared to the twenty- 
30 fifth signal by a thirty-eighth means. The thirty-eighth 
means generates a thirty-eighth signal having a value 
indicative of the difference therebetween. 

The thirteenth signal is compared to the 
twenty-sixth signal by a thirty-ninth means. The thirty- 
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ninth means generates a thirty-ninth signal having a 
value indicative of the difference therebetween. 

The final grouping of components pertains to 
means for responding to the signals generated by the 
5 comparing means. Generally, these responsive means are 
designed to manipulate the various temperature control 
devices, humidity control devices, concentration control 
devices, pressure control devices, volume control devices 
and flow control devices of the ventilation system. 

10 These devices are manipulated in accordance with the 
present invention until there is no significant differ- 
ence between the signal generated by the selecting means 
and that generated by the detecting means. 

Any suitable means known to those skilled in 

15 the art which can perform these functions can be used 
when practicing this invention. One example of a 
suitable means is a signal processor after being properly 
programmed with the necessary information. Preferably, 
the processor is interlinked to a servo-control network 

20 and/or an alarm network. 

In this group of components, the helium flow 
control means is manipulated by a fortieth means until 
there is no significant difference between the first 
signal and the fourteenth signal. This fortieth means 

25 is responsive to the twenty-seventh signal. 

The oxygen flow control means is manipulated 
by a forty-first means until there is no significant 
difference between the second signal and the fifteenth 
signal. The forty-first means is responsive to the 

30 twenty-eighth signal. 

The heliox blend flow control means is 
manipulated by a forty-second means, until there is no 
significant difference between the third signal and the 
sixteenth signal. The forty-second means is responsive 

3 5 to the twenty-ninth signal. 
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The temperature adjusting means is manipulated 
by a forty-third means until there is no significant 
difference between the forth signal and the seventeenth 
signal. The forty-third means is responsive to the said 
5 thirtieth signal. 

The temperature adjusting means is manipulated 
by a fourteenth means until there is no significant 
difference between the fifth signal and the eighteenth 
signal. The forty-fourth means is responsive to the 

10 thirty-first signal. 

The humidif ication adjusting means is manipu- 
lated by a forth-f ifth means until there is no signifi- 
cant difference between the sixth signal and the 
nineteenth signal. The forty-fifth means is responsive 

15 to the thirty-second signal. 

The temperature adjusting means is manipulated 
by a forty-sixth means until there is no significant 
difference between the seventh signal and the twentieth 
signal. The forty-sixth means is responsive to the 

20 thirty-third signal. 

At least one of the following is/are mani- 
pulated by a forty-seventh means until there is no 
significant difference between the eighth signal and the 
twenty-first signal: gaseous helium pressure control 

25 means, gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium-oxygen 
blend flow control means, inspiratory gas volume control 
means and expiratory gas volume control means. The 
forty-seventh means is responsive to the thirty- fourth 

30 signal. 

At least one of the following is/are mani- 
pulated by a forty-eighth means until there is no 
significant difference between the ninth signal and the 
twenty-second signal: gaseous helium pressure control 
35 means, gaseous oxygen pressure control means, oxygen flow 
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control means, helium flow control means, helium-oxygen 
blend flow control means, inspiratory gas volume control 
means and expiratory gas volume control means. The 
forty-eighth means is responsive to the thirty- fifth 

5 signal. ^ 

At least one of the following is/are mani- 
pulated by a forty-ninth means until there is no signifi- 
cant difference between the tenth signal and the twenty- 
third signal: gaseous helium pressure control means, 

10 gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium-oxygen 
blend flow control means, inspiratory gas volume control 
means and expiratory gas volume control means. The 
forty-ninth means is responsive to the thirty-sixth 

15 signal. 

At least one of the following is/are mani- 
pulated by a fiftieth means until there is no significant 
difference between the eleventh signal and the twenty- 
fourth signal: gaseous helium pressure control means, 

20 gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium-oxygen 
blend flow control means, inspiratory gas volume control 
means and expiratory gas volume control means. The 
fiftieth means is responsive to the thirty-seventh 

25 signal. 

At least one of the following is/are mani- 
pulated by a fifty-first means until there is no signifi- 
cant difference between the twelfth signal and the 
twenty-fifth signal: gaseous helium pressure control 

30 means, gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium-oxygen 
blend flow control means, inspiratory gas volume control 
means and expiratory gas volume control means. The 
fifty-first means is responsive to the thirty-eighth 

3 5 signal. 
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At least one of the following is/are mani- 
pulated by a fifty-second means until there is no 
significant difference between the thirteenth signal and 
the twenty-sixth signal: gaseous helium pressure control 
5 means, gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium-oxygen 
blend flow control means, inspiratory gas volume control 
means and expiratory gas volume control means. The 
fifty-second means is responsive to the thirty-ninth 
10 signal. 

It is also within the purview of this invention 
to employ the novel method disclosed herein as a means 
for delivering biological agents into a patient through 
the patient's pulmonary pathways during heliox ventila- 
15 tion. 

While it is known that biological agents can 
be administered to parts of a patient's pulmonary path- 
ways via a conventional ventilation process, this 
technique has certain disadvantages associated therewith, 

2 0 For example, airway obstruction and poor compliance can 
alter the mechanical time constants and bulk flow 
properties in the lung and interfere with the distribu- 
tion of biological agents. 

If these problems exist, another conventional 

25 procedure for delivering biological agents to a patient's 
pulmonary system is via systemic administration. Howev- 
er, this technique also has disadvantages associated 
therewith. For example, pulmonary vascular shunting can 
limit the delivery of systemically administered agents 

30 that are targeted for the^ung. 

Applicants have discovered that many of these 
problems are overcome when delivering the biological 
agents into a patient's pulmonary pathway via a heliox 
ventilation procedure practiced in accordance with the 

35 present invention. Specifically, the pulmonary adminis- 



BNSDOCIO: <WO 9516484A1J_> 



WO 95/16484 



PCTAJS94/13184 



tration of biological agents is enhanced when mixed with 
a heliox-containing breathing medium for the following 
reasons: (a) due to the presence of helium, breathing 
resistances are significantly reduced; (b) heliox- 
5 containing breathing mediums can be selectively directed 
to specific regions of the lung; (c) gas exchange may 
be supported during the administration of the biological 
agents; and (d) biological inertness of helium minimizes 
possible side effects due to an interaction between the 
10 heliox-containing breathing medium and biological agent 

interaction* 

In a presently preferred embodiment, the means 
for transporting these agents is by convective mass 
transport. This is most effective when these agents are 
15 thoroughly mixed with the heliox-containing breathing 
medium prior to inspiration. 

In order to achieve effective mixing and 
convective transport, the agent is preferably injected 
into the heliox-containing breathing medium at maximum 
20 flow conditions of the inspiratory period. More 
preferably, the agent is injected perpendicularly to the 
stream of breathing medium. 

The site of injection can be, for example, in 
the common line of the heliox ventilation system or in 
25 a specifically designed endotracheal tube. Moreover, 
the injection process can be done during a single breath 
or over a series of breaths. The latter will result in 
a time-released effect. 

The injection unit can also be configured for 
30 sampling of lung exudate during expiration. Here, time- 
withdrawal of expired breathing medium samples during 
the appropriate phase of expiration are regulated in 
order to prevent dilution with fresh inspired breathing 
medium. 
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As can be seen, this method of delivering 
biological agents into a patient can be incorporated with 
the control system disclosed herein. For example, the 
GMCS, GCCS and THCS can be designed to guide, monitor 
5 and regulate the amount of biological agent (s) introduced 
into the heliox-containing breathing medium, the manner 
in which the agent (s) is/are introduced, and the effects 
of its/their introduction on the patient. The optimum 
way of modifying the control system disclosed herein 

10 depends upon the agent being introduced, the ventilation 
system, and the patient. Once these variables are known, 
skilled artisans will know how to make the necessary 
modifications after reading this disclosure. 

It is also within the purview of this invention 

15 to employ the novel ventilation control system disclosed 
herein as a means for maintaining the patient's body 
temperature constant or for subjecting the patient to 
a hyper- or hypo-thermic treatment during heliox 
ventilation. Here, in addition to maintaining the 

20 patient's gas exchange, the heliox-containing breathing 
medium can also be used as a means for manipulating the 
patient's body temperature. A specific example as to 
how temperature control can be achieved in accordance 
with the present invention was illustrated in Figure 11 

25 described above. 

It is evident from the foregoing that various 
modifications can be made to the embodiments of this 
invention without departing from the spirit and/or scope 
thereof which would be apparent to those skilled in the 

30 art. Having thus described, the invention, it is claimed 
as follows. 
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CLAIMS 

1. A process for guiding, monitoring and regulating 
a heliox ventilation system wherein said ventilation 
system is designed to circulate a breathing medium 
5 comprising gaseous helium and gaseous oxygen through at 
least a portion of a patient's pulmonary pathways, and 
wherein said heliox ventilation system includes a gas 
mechanics circuit component, a gas concentration circuit 
component and a temper ature/humidif ication circuit compo- 
10 nent, said process comprising the steps of: 

(a) establishing a set of desired ranges for 
process parameters associated with the gas mechan- 
ics circuit, the gas concentration circuit and the 
temperature/humidif ication circuit components of 

15 said heliox ventilation system, said set of 

established desired ranges are represented by a 
first set of signals; 

(b) inputting the first set of signals in to 
a signal processor, 

20 (c) making initial adjustments to the gas 

mechanics circuit, the gas concentration circuit 
and the temperature/humidif ication circuit compo- 
nents of said heliox ventilation system, said 
initial adjustments are such that actual conditions 

25 of said heliox ventilation system's gas mechanics 

circuit, gas concentration circuit and tempera- 
ture/humidif ication circuit components, which occur 
while a breathing medium circulates through at 
least a portion of said patient's pulmonary 

3 0 pathways, fall within the purview of their corre- 

sponding established desired ranges, said initial 
adjustments establish the patient's initial 
ventilatory profile; 

(d) preparing a breathing medium comprising 

35 gaseous helium and gaseous oxygen; 
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( ) circulating the breathing medium through 
at least a portion of said patient's pulmonary 
pathways in accordance with said initial adjust- 
ments made to the gas mechanics circuit, the gas 
5 concentration circuit and the tempera ture/humidif i- 

cation circuit components of said heliox ventila- 
tion system; 

(f) monitoring a set of actual conditions of 
said heliox ventilation system's gas mechanics 

10 circuit , gas concentration circuit and tempera- 

ture/humidif ication circuit components which occur 
while said breathing medium is circulating through 
at least a portion of said patient's pulmonary 
pathways, said monitored set of actual conditions 

15 correspond with said set of established desired 

ranges, and said set of monitored actual conditions 
being represented by a second set of signals; 

(g) inputting the second set of signals into 
said processor; ■ 

20 (h) implementing said signal processor to 

determine whether said second set of signals fall 
within the purview of their corresponding ranges 
represented by said first set of signals, instances 
wherein said second set of signals fall outside of 

25 said first set of signals are represented by a 

third set of signals; and 

(i) implementing said third set of signals 
to manipulate said initial adjustments such that 
said second set of signals fall within the purview 

30 of their corresponding ranges represented by said 

first set of signals* 

2. A process in accordance with claim 1 wherein 
the gas mechanics circuit component of said heliox 
35 ventilation system is designed to regulate the circula- 
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tion of said breathing medium through at least a portion 
of said patient's pulmonary pathways by utilizing 
information gained from an on-line assessment of the 
breathing medium's pressures, flow rates and volumes. 

3. A process in accordance with claim 2 wherein 
the gas mechanics circuit component of said heliox ven- 
tilation system utilizes information gained from an 
assessment of respiratory gas levels contained in samples 

10 of said breathing medium before it is inspired by said 
patient and after it is expired by said patient. 

4. A process in accordance with claim 1 wherein 
the gas concentration circuit component of said heliox 

15 ventilation system is designed to regulate the partial 
pressures, tensions and concentrations of gases in the 
heliox ventilation system's gas concentration circuit 
component and gas mechanics circuit component, as well 
as in the patient, by utilizing information gained from 

20 an on-line assessment of inspiratory and expiratory gas 
levels contained in at least the following areas: in 
samples of gases before being blended to form the 
breathing liquid, in samples of the breathing medium 
prior to it being inspired by said patient, in samples 

25 of the breathing medium after being expired by said 
patient, and in samples of the blood taken from said 
patient's circulatory system while said breathing medium 
is circulating through at least a portion of said 
patient's pulmonary pathways. 

30 

5. A process in accordance with claim 4 wherein 
tracer gases are blended with said breathing medium prior 
to it being inspired by said patient, and wherein the 
gas concentration circuit component of said heliox 

35 ventilation system utilizes information gained from an 
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on-line assessment of said tracer gases to determine at 
least one physiological parameter selected from the group 
consisting of: oxygen consumption, carbon dioxide 
production, respiratory quotient, cardiac output, 
5 effective pulmonary blood flow, diffusional dead space, 
anatomic dead space, intrapulmonary and extrapulmonary 
shunts, diffusion capacity and lung tissue water. 

6. A process in accordance with claim 1 wherein 
10 the tempera ture/humidif ication circuit component of said 
heliox ventilation system is designed to regulate at 
least a portion of the patient's internal and external 
body temperatures while said breathing medium is being 
circulated through at least a portion of said patient's 
15 pulmonary pathways by utilizing information gained from 
temperature sensing means in or on appropriate body 
parts, organs and regions of said patient. 

7 ♦ A process in accordance with claim 1 wherein 

2 0 the tempera ture/humidif ication circuit component of said 

heliox ventilation system is designed to regulate the 
humidity level of the breathing medium prior to it being 
inspired by said patient by utilizing information gained 
from an on-line assessment of the breathing medium. 

25 

8. A process in accordance with claim 1 wherein 
at least the following initial adjustments are made to 
the gas mechanics circuit, gas concentration circuit and 
temperature/humid if ication circuit components of the 
30 heliox ventilation systettt^rior to the breathing medium 
being circulated through at least a portion of the 
patient's pulmonary pathways: a starting lung volume, 
the breathing medium's initial pressure, initial tidal 
lung volume, the breathing medium's initial flow rate, 

3 5 an initial concentration of oxygen in a specific volum 
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of said breathing medium prior to said breathing medium 
being inspired by said patient, a resting lung volume, 
a peak inspiratory air way pressure, a peak expiratory 
air way pressure, a peak alveolar pressure, a peak esoph- 
5 ageal pressure, an initial breathing frequency, a timing 
ratio of inspiratory-to-expiratory gas flow, the 
patient's core body temperature, and the temperature of 
the breathing medium prior to it being inspired by said 
patient, 

10 

9. A process in accordance with claim 1 wherein 
establishing a set of desired ranges for process parame- 
ters associated with the gas mechanics circuit component 
of said heliox ventilation system includes establishing 
15 minimum and maximum values for at least the following: 
the breathing medium's pressure for when it is being 
circulated through at least a portion of said patient's 
pulmonary pathways, the breathing medium's tidal lung 
volume for when it is being circulated through at least 

2 0 a portion of said patient's pulmonary pathways, the 

breathing medium's resting lung volume for when it is 
being circulated through at least a portion of said 
patient's pulmonary pathways, the breathing medium' s flow 
rate for when it is being circulated through at least 
25 a portion of said patient's pulmonary pathways, an amount 
of oxygen to be absorbed by the patient from a specific 
volume of said breathing medium as said breathing medium 
is being circulated through at least a portion of said 
patient's pulmonary pathways, and an amount of carbon 

3 0 dioxide to be carried from said patient by a specific 

volume of said breathing medium as said breathing medium 
is being circulated through at least a portion of said 
patient's pulmonary pathways. 
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10. A process in accordance with claim 1 wherein 
establishing a set of desired ranges for process parame- 
ters associated with the gas concentration circuit compo- 
nent of said heliox ventilation system includes estab- 
5 lishing minimum and maximum values for at least the 
following: a concentration of oxygen in a specific 
volume of gas being blended to form said breathing 
medium, a concentration of oxygen in a specific volume 
of said breathing medium prior to said breathing medium 

10 being inspired by said patient, a concentration of oxygen 
in a specific volume of said breathing medium after said 
breathing medium is expired by said patient, a concentra- 
tion of carbon dioxide in a specific volume of said 
breathing medium after said breathing medium is expired 

15 by said patient, and a concentration of oxygen in said 
patient's circulatory system while said breathing medium 
is being circulated through at least a portion of said 
patient's pulmonary pathways. 

20 11. A process in accordance with claim 1 wherein 

establishing a set of desired ranges for process parame- 
ters associated with the temperature/humidif ication 
circuit component of said heliox ventilation system 
includes establishing minimum and maximum values for at 

25 least the following: the breathing medium's temperature 
prior to said breathing medium being inspired by said 
patient, the breathing medium's humidity prior to said 
breathing medium being inspired by said patient, the 
patient's internal body temperature while said breathing 

30 medium is being circulated through at least a portion 
of said patient's pulmonary pathways, and the patient's 
external body temperature of while said breathing medium 
is being circulated through at least a portion of said 
patient's pulmonary pathways. 

35 
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12* A ventilator system for blending a mixture of 
at least gaseous helium and gaseous oxygen to form a 
helium-oxygen blend and for automatically controlling 
the administration of the helium-oxygen blend into at 
5 least a portion of a patient's pulmonary air pathways 
such that physiological homeostasis is maintained, at 
reduced lung pressures and resistances, within the 
patient with respect to helium-oxygen blend gas flows, 
gas volumes and gas pressures, with respect to helium 
10 and oxygen concentrations in the helium-oxygen blend, 
with respect to heat exchange and humidif ication means 
between the helium-oxygen blend and the patient, and with 
respect to the patient's body temperature during 
ventilation, said ventilation system comprising: 

15 

(a) gaseous helium pressure control means for 
providing a pressure regulated source of gaseous 
helium; 

(b) gaseous oxygen pressure control means for 
20 providing a pressure regulated source of gaseous 

oxygen ; 

(c) blending means designed to blend gaseous 
helium and gaseous oxygen together to form a 
gaseous helium-oxygen blend; 

25 (d) helium flow control means for controlling 

the rate at which gaseous helium flows into said 
blending means, said helium flow control means 
being in gaseous communication with said helium 
source and said blending means; 

3 0 (e) oxygen flow control means for controlling 

the rate at which gaseous oxygen flows into said 
blending means, said oxygen flow control means 
being in gaseous communication with said oxygen 
source and said blending means; 
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(f) respiration receptacle in gaseous 
communication with said blending means and at least 
a portion of a patient's pulmonary air pathways; 

(g) temperature adjusting means for control- 
5 ling the temperature level of the helium-oxygen 

blend within said respiration receptacle; 

(h) humidif ication adjusting means for 
controlling the humidity level of the helium-oxygen 
blend within said respiration receptacle; 

10 (i) helium-oxygen blend flow control means 

for controlling the rate at which the helium-oxygen 
blend flows into said respiration receptacle; 

(j) inspiration volume control means for 
controlling the volume of said helium-oxygen blend 

15 inspired during the inspiratory portion of a 

patient's breathing cycle; 

(k) expiration volume control means for 
controlling the volume of gas expired during the 
expiratory portion of a patient's breathing cycle; 

20 (1) first means for selecting a desired 

concentration of gaseous helium in said helium- 
oxygen blend as said helium-oxygen blend is in said 
respiration receptacle and generating a first 
signal having a value indicative of said desired 

25 helium concentration in said helium-oxygen blend; 

(m) second means for selecting a desired 
concentration of gaseous oxygen in said helium- 
oxygen blend as said helium-oxygen blend is in said 
respiration receptacle and generating a second 

30 signal having a valije^ indicative of said desired 

oxygen concentration in said helium-oxygen blend; 

(n) third means for selecting a desired 
helium-oxygen blend flow rate from said respiration 
receptacle into at least a portion of said patient- 

35 's pulmonary pathways and generating a third signal 
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having a value indicative of said helium-oxygen 
blend desired flow rate; 

(o) forth means for selecting a desired 
temperature level of said helium-oxygen blend prior 
5 to said helium-o^gen blend being inspired by said 

patient and a fifth means for selecting a desired 
temperature level of said gas being expired by said 
patient, said forth means generates a forth signal 
having a value indicative of said helium-oxygen 
10 blend desired temperature level and said fifth 

means generates a fifth signal having a value 
indicative of said expired gas desired temperature 
level ; 

(p) sixth means for selecting a desired 
15 humidif ication level of said helium-oxygen blend 

prior to said helium-oxygen blend being inspired 
by said patient, said sixth means generates a sixth 
signal having a value indicative of said helium- 
oxygen blend desired humidif ication level; 

2 0 (q) seventh means for selecting a desired 

temperature level of at least a portion of a 
patient's pulmonary pathways as said patient is 
being ventilated with said helium-oxygen blend and 
generating a seventh signal having a value indica- 
25 tive of said patient's pulmonary pathways desired 

temperature level ; 

(r) eighth means for selecting a desired 
pressure level of said helium-oxygen blend as said 
helium-oxygen blend is passing from said respira- 

3 0 tion receptacle to said patient's pulmonary 

pathways and a ninth means for selecting a desired 
pressure level of said gas being expired by said 
patient, said eighth means generates an eighth 
signal having a value indicative of said helium- 
35 oxygen blend desired pressure level and said ninth 
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means generates a ninth signal having a value 
indicative of said expired gas desired pressure 
level ; 

(s) tenth means for selecting a desired 
5 volume of said helium-oxygen blend to be inspired 

by said patient and an eleventh means for ^selecting 
a desired volume of said gas being expired by said 
patient, said tenth means generates a tenth signal 
having a value indicative of said helium-oxygen 

10 blend desired volume and said eleventh means 

generates an eleventh signal having a value indica- 
tive of said expired gas desired volume; 

(t) twelfth means for selecting a desired 
concentration of gaseous oxygen in said expired gas 

15 and generating a twelfth signal having a value 

indicative of said desired oxygen concentration in 
said expired gas ; 

(u) thirteenth means for selecting a desired 
concentration of oxygen in a preselected portion 

2 0 of said patient's circulatory system while said 

patient is ventilated with said helium-oxygen blend 
and generating a thirteenth signal having a value 
indicative of said desired oxygen concentration in 
said patient; 

25 <v) fourteenth means for detecting the actual 

concentration of gaseous helium in said helium- 
oxygen blend as said helium-oxygen blend is in said 
respiration receptacle and generating a fourteenth 
signal having a value indicative of said actual 

30 helium concentration^^ said helium-oxygen blend; 

(w) fifteenth means for detecting the actual 
concentration of gaseous oxygen in said helium- 
oxygen blend as said helium-oxygen blend is in said 
respiration receptacle and generating a f ift enth 
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signal having a value indicative of said actual 
oxygen concentration in said helium-oxygen blend; 

(x> sixteenth means for detecting the actual 
rate at which said helium-oxygen flows from said 
respiration rec^gtacle into at least a portion of 
said patient's pulmonary pathways and generating 
a sixteenth signal having a value indicative of 
said helium-oxygen blend actual flow rate; 

(y) seventeenth means for detecting the 
actual temperature of said helium-oxygen blend 
prior to said helium-oxygen blend being inspired 
by said patient and an eighteenth means for 
detecting the actual temperature of said gas being 
expired by said patient, said seventeenth means 
generates a seventeenth signal having a value 
indicative of said helium-oxygen blend actual 
temperature and said eighteenth means generates an 
eighteenth signal having a value indicative of said 
expired gas actual temperature; 

(z) nineteenth means for detecting the actual 
humidity of said helium-oxygen blend prior to said 
helium-oxygen blend being inspired by said patient 
and generating a nineteenth signal having a value 
indicative of said helium-oxygen blend actual 
humidity; 

(aa) twentieth means for detecting the actual 
temperature of at least a portion of a patient's 
pulmonary pathways as said patient is being 
ventilated with said helium-oxygen blend and 
generating a twentieth signal having a value 
indicative of said patient's pulmonary pathways 
actual temperature; 

(bb) twenty-first means for detecting the 
actual pressure of said helium-oxygen blend as said 
helium-oxygen blend is passing from said respira- 
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tion receptacle to said patient's pulmonary 
pathways and a twenty-second means for detecting 
the actual pressure of said gas being expired by 
said patient, said twenty-first means generates a 
5 twenty-first signal having a value indicative of 

said helium-oxygen blend actual pressure and said 
twenty-second means generates a twenty-second 
signal having a value indicative of said expired 
gas actual pressure; 

10 (cc) twenty-third means for detecting the 

actual volume of said helium-oxygen blend being 
inspired by said patient and a twenty-forth means 
for detecting the actual volume of said gas being 
expired by said patient, said twenty-third means 

15 generates a twenty-third signal having a value 

indicative of said helium-oxygen blend actual 
volume and said twenty-forth means generates a 
twenty-forth signal having a value indicative of 
said expired gas actual volume; 

20 (dd) twenty-fifth means for detecting the 

actual concentration of gaseous oxygen in said 
expired gas and generating a twenty-fifth signal 
having a value indicative of said actual oxygen 
concentration in said expired gas; 

25 (ee) twenty-sixth means for detecting the 

actual concentration of oxygen in a preselected 
portion of said patient's circulatory system while 
said patient is ventilated with said helium-oxygen 
blend and generating a twenty-sixth signal having 

30 a value indicative a^said actual oxygen concentra- 

tion in said patient; 

(ff) twenty-seventh means for comparing the 
first signal to the fourteenth signal and generat- 
ing a twenty-seventh signal having a value indica- 

35 tive of the difference therebetween; 
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(gg) twenty-eighth means for comparing the 
second signal to the fifteenth signal and generat- 
ing a twenty-eighth signal having a value indica- 
tive of the difference therebetween; 
5 (hh) twentj^ninth means for comparing the 

third signal to the sixteenth signal and generating 
a twenty-ninth signal having a value indicative of 
the difference therebetween; 

<ii) thirtieth means for comparing the forth 
10 signal to the seventeenth signal and generating a 

thirtieth signal having a value indicative of the 
difference therebetween; 

(jj) thirty- first means for comparing the 
fifth signal to the eighteenth signal and generat- 
15 ing a thirty-first signal having a value indicative 

of the difference therebetween; 

(kk) thirty-second means for comparing the 
sixth signal to the nineteenth signal and generat- 
ing a thirty-second signal having a value indica- 
20 tive of the difference therebetween; 

(11) thirty-third means for comparing the 
seventh signal to the twentieth signal and generat- 
ing a thirty-third signal having a value indicative 
of the difference therebetween; 
25 (mm) thirty- forth means for comparing the 

eighth signal to the twenty-first signal and 
generating a thirty-forth signal having a value 
indicative of the difference therebetween; 

(nn) thirty-fifth means for comparing the 
3 0 ninth signal to the twenty-second signal and 

generating a thirty-fifth signal having a value 
indicative of the difference therebetween; 

(oo) thirty-sixth means for comparing the 
tenth signal to the twenty-third signal and 
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generating a thirty-sixth signal having a value 

indicative of the difference therebetween; 

(pp) thirty-seventh means for comparing the 

eleventh signal to the twenty-forth signal and 

5 generating a thirty-seventh signal having a value 

indicative of the difference therebetween; 

*■ 

(qq) thirty-eighth means for comparing the 
twelfth signal to the twenty-fifth signal and 
generating a thirty-eighth signal having a value 

10 indicative of the difference therebetween; 

(rr) thirty-ninth means for comparing the 
thirteenth signal to the twenty-sixth signal and 
generating a thirty-ninth signal having a value 
indicative of the difference therebetween; 

15 (ss) fortieth means responsive to said twenty- 

seventh signal, said fortieth means being designed 
to manipulate the helium flow control means until 
there is no significant difference between the 
first signal and the fourteenth signal; 

2 0 (tt) forty-first means responsive to said 

twenty-eighth signal, said forty-first means being 
designed to manipulate the oxygen flow control 
means until there is no significant difference 
between the second signal and the fifteenth signal; 

25 <uu) forty-second means responsive to said 

twenty-ninth signal, said forty-second means being 
designed to manipulate the helium-oxygen blend flow 
control means until there is no significant differ- 
ence between the third signal and the sixteenth - 

30 signal; ^ 

(w) forty-third means responsive to said 
thirtieth signal, said forty-third means being 
designed to manipulate the temperature adjusting 
means until there is no significant difference 
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between the forth signal and the seventeenth 
signal ; 

(ww) forty-forth means responsive to said 
thirty-first signal, said forty-forth means being 
5 designed to manipulate the temperature adjusting 

means until there is no significant difference 
between the fifth signal and the eighteenth signal; 

(xx) forty-fifth means responsive to said 
thirty-second signal, said forty-fifth means being 
10 designed to manipulate the humidif ication adjusting 

means until there is no significant difference 
between the sixth signal and the nineteenth signal; 

(yy) forty-sixth means responsive to said 
15 thirty-third signal, said forty-sixth means being 

designed to manipulate the temperature adjusting 
means until there is no significant difference 
between the seventh signal and the twentieth 
signal; 

2 0 (zz) forty-seventh means responsive to said 

thirty-forth signal, said forty-third means 
designed to manipulate at least one of the follow- 
ing: gaseous helium pressure control means, 
gaseous oxygen pressure control means, oxygen flow 
25 control means, helium flow control means, helium- 

oxygen blend flow control means, inspiratory gas 
volume control means and expiratory gas volume 
control means until there is no significant 
difference between the eighth signal and the 

3 0 twenty-first signal; 

(aaa) forty-eighth means responsive to 

said thirty-fifth signal, said forty-eighth means 
designed to manipulate at least one of the fol- 
lowing: gaseous helium pressure control means, 
35 gaseous oxygen pressure control means, oxygen flow 
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control means, helium flow control means, helium- 
oxygen blend flow control means, inspiratory gas 
volume control means and expiratory gas volume 
control means until there is no significant 
5 difference between the ninth signal and the twenty- 

second signal; 

(bbb) forty-ninth means responsive to said 

thirty-sixth signal, said forty-ninth means being 
designed to manipulate at least one of the follow- 

10 ing: gaseous helium pressure control means, 

gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium- 
oxygen blend flow control means, inspiratory gas 
volume control means and expiratory gas volume 

15 control means until there is no significant 

difference between the tenth signal and the twenty- 
third signal; 

(ccc) fiftieth means responsive to said 

thirty-seventh signal, said fiftieth means being 

20 designed to manipulate at least one of the follow- 

ing: gaseous helium pressure control means, 
gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium- 
oxygen blend flow control means, inspiratory gas 

25 volume control means and expiratory gas volume 

control means until there is no significant 
difference between the eleventh signal and the 
twenty-fourth signal; 

(ddd) fifty-first means responsive to said 

30 thirty-eighth signal said fifty-first means being 

designed to manipulate at least one of the follow- 
ing: gaseous helium pressure control means, 
gaseous oxygen pressure control means, oxygen flow 
control means, helium flow control means, helium- 

3 5 oxyg n blend flow control means, inspiratory gas 
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volume control means and expiratory gas volume 

control means until there is no significant 

difference between the twelfth signal and the 

twenty-fifth signal; and 

5 (eee) fifty-second means responsive to 

said thirty-ninth signal, said fifty-second means 

* 

being designed to manipulate at least one of the 
following: gaseous helium pressure control means, 
gaseous oxygen pressure control means, oxygen flow 

10 control means, helium flow control means, helium- 

oxygen blend flow control means, inspiratory gas 
volume control means and expiratory gas volume 
control means until there is no significant 
difference between the thirteenth signal and the 

15 twenty-sixth signal. 
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